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PREFACE 

At the request of a nimiber of fnende I have tindertaken to 
put into form for the printer this set of notes, which has grad- 
ually grown into the shape in which I received them through 
the efforts of the officers of the old engineer corps, by whom they 
were used in preparing themselves for examination for promotion 
to the grade of chief engineer. 

My special aim has been to prepare something that will be of 
value to the officers of the old line, who not only may be hereafter 
called upon to perform duties with which they now have little 
familiarity, but who will certainly be required to pass examina- 
tions in steam engineering. Having this end in view, I have felt 
that I conld better appreciate the obscure points in the text before 
me than could some person more familiar with the subject. In 
other words, possessing little knowledge of the subject myself, I 
have felt that I could find the points that would prove difBcult to 
others in a similar situation better than one of the old engineer 
officers could. This, therefore, is my apology for attempting the 
work. 

I have contributed nothing to the text except the work of ar- 
rangement and revision, and throughout have received every 
assistance from the officers of the Bureau of Steam Engineering, 
by whom my work has been carefully revised. 

I trust that steam engineering experts will look with sympathy 
on this work and forgive its many faults. It is not intended for 
their use, I also hope that my labors may prove of some service 
to the many officers who are in the same situation that I am. 

No attempt has been made to make this a complete work on 
steam engineering, the effort being merely to preserve and sim- 
plify the standard answers to these old examination questions. 

I have been assisted in this work by Lieutenants E. 9. Griffin 
and Cleland Davis, who have revised and corrected the text, 

L. H. Chakdleb. 
March, 1901. 
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QirXSnONB PRESCRIBED BT U. S. ITAYT REOTILATION CIR- 
CITL&R innOER 109, OT TUIT 25, 1S92, FOR TTSE JK 
EXAXmAHOK OT OFFICERS FOR FROHOTION TO 
GRADE OF CHIEF ENQINEER, WITH ANSWERS 
THERETO. 
(Compiled and Revised by a Number of Officers of the Navy.) 

While the regiilatioii circular above referred to is no longer in 
force, these qucBtions coTer practically the whole subject, and 
they have been reproduced, with their anewers, on account of 
their general value, especially to of&cers of the old line who have 
to qualify as engineere. 

Under the above-mentioned circular, the examining board could 
ask the candidate for promotion the designated number of ques- 
tions under each subject enumerated below, the selection of the 
individual questions resting with the board : 

Under Subject No. 1; one question. 

Under Subject No. 2; two questions. 

Under Subject No. 3; two queetions. 

Under Subject No. 4; one question. 

Under Subject No. 5; three questions, one on each subject, the 
use of works of reference being permitted in solving problems. 

Under Subject No, 6; one question. 
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INDEX OF SUBJECTS AND QUESTIONS 

Bubject No. 1. — Desi^ of Murine Hachinerj. 11 

Question Vo. 1. — Calculate the horse-power necessary to se- 
cure a g:iveii speed in a certain vessel 11 

Question No. 2. — Calculate the dimensions of cylinders for a 
giTen horse-power 19 

Qveation No. 3. — Calculate the dimensions of condensers 
and pumps tor engines ol given dimensions 22 

Question No. 4- — Calculate dimenBians of a set of boilers to 
famish Bteam for a given horae-power 25 

Question No. 5. — Calculate the dimensions of propellers to 
drive a vesiel at a given speed 27 

Subfect No. S.^Dutles as Chief Engineer of a ship in Commission. 30 

Question Ifo. 1. — What procedure should be adopted on Join- 
ing a ship to ascertain that the machinery Is in proper con- 
dition; th^t is, what parts should be inspected, and how can 
the needed information be best secured in the shortest time? 30 

Question No. 2.— How should the men of the engineer's 
force be stationed for steaming watches and for general 
and fire quarters? (The examining board gives the number of 
the engines and auxiliaries, and of the boilers, with an Idea 
of lie general arrangemente as regards subdivision. With 
this data given, the candidate must state the number of 
men required and their assignment.) 31 

Question No. S. — Give a statement of points to be observed 
in caring for machinery and the precautions to be observed 
(a) when in use; (b) and when not in use, in order to insure 
its readiness for service 33 

Question No. i. — Explain how best to obtain economy in the 
use of coal, oil, etc. (This niU Involve such consiclerations 
aa the number of boilers to be used for a given power, the 
rate of combustion of coal, the steam pressure and point of 
cut-off to be used, the economical speed of the ship, and the 
best method of lubrication.) 34 

Question No. 5. — Give a list ol parts of steam ntacMnery 
subject to wear, and state the course to pursue to maintain 
efBciency, together with a statement of cases where deterio- 
ration is certain and cannot be compensated 35 

Qttettion No. 6. — Qive a list of the machine and hand tools 
that are carried on board a modern war vessel, with a, state- 
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6 Notes on Stbah Ekoineebiko 

ment of new and repair work that can be perlormed aboard. 
(Both the list of tools and of work ehould be given in a 
general waj, not going much into detail, the object being to 
Bee that the candidate knows wliat work can be done on 
board and what roust be done at a shop on shore.) 36 

QtfwHon Jfo. 7.— Give a Ust of the more important stores 
and spare parts nanally carried on board modern war ves- 
sels 87 

QuMtfon Jfo. 8.— What inspection and testH should be used 
in selecting coal, oil; and rubber? 38 

Btibfeot No. 3.— Duties of an Engineer on Shore at a NaTj Yard 
or as an Inspector of Macliinery Building by Contract 43 

QuettUm Ho. 1, — Describe a general surrey of the maohln' 
ery of « ship returned for refitting at the end of a cruise, 
and state what parts would require most careful examina* 
tion and what work would generally be done to put the ma- 
chinery in thoroughly good condition 43 

QtieatioH Jio. 2. — State how estimates of time and cost are 
made in case of repair work. (The board will give a state- 
ntent of the character and amount of repairs required.) 44 

Question Ho. S. — Name the tools and appliances generally 
fitted in a modern plant for the building and repair of ma- 
rine machinery of large size, giring some idea of the size of 
the TariouB tools, cranes, etc 45 

Queition No. 4- — State the amount of work that can reason- 
ably be expected during a working day of eight hours on any 
one of the following kinds pi work: — (a) turning plain 
shafting; (b) boring large engine cylinder; (o) plain work 
in an hydraulic fianging machine (thiclcness of plate to be 
giTen) ! (d) riveting in an hydraulic riveter (thickness of 
plates and diameter of rivets to be given); (e) drilling rivet 
holes in boUer shells (thickness of plates, diameter of holes, 
and kind of drilling machine to be given) ; (/) planing valve 
seats on large cylinders; (|7) drilling and tapping holes in 
coudenser-tube sheets 46 

Question No. S. — Give a general idea of the method of con- 
ducting the evaporative test of a steam boiler, stating the 
special precautions necessary to ensure accurate results 49 

QuestUm No. 6.— State the preparations that would be made 
for a full power trial of the machinery of « modem war 
vessel. Including a list of stores and instruments that 
should be furnished 54 

Qvettion No. 7. — Give a general Idea of the work to be done 
in " laying np " the machinery of a vessel that Is to be put 
in the ordinary 63 
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Notes on Stbah Enoikeebinq 7 

Qnettton Jlo. S. — Being aaelgned to duty aa inspector of ma- 
chinerjr, tell wliat special points sliould be looked after in 
the inspection of any two of the following: — S6 

(o) Cylinders; 

(6) CondenserB; 

(fi) Boilers I 

id) Shafting; 

(e) Piston and connecting rods and valve stems; 

(0 Pistons and Talves; 

(u) Bed plates; 

(ft) Propellers; 

(i) Boiler and condenser tubes; 

(_)) Brass castings generally. 

(k) In addition to the two questions under this head, the 
candidate will be furnished with a blue print of some part 
of the machinery of a naval vessel and required to write 
snch a specification of the same as would be drawn to ac- 
company the contract. 

iBvbfect So. ^.— Practical Work 60 

QuegUtm No. I. — Describe the method of moulding any large 
piece of machinery in loam, such as a cylinder, propeller, 
condenser, etc., from a pattern 60 

Qveation Ho. 2. — Describe the method of making a pattern 
for a cylinder or other complicated piece of machinery 76 

Qttettion No. S. — Describe the method of making a propel- 
ler pattern 89 

Question No. 4.— Describe the method of moulding a propel- 
ler by sweeping up 90 

Question No. S. — Describe the machine work necessary to 
put a cylinder casting, as received from foundry, in condi- 
tion for going in ship 92 

Qveition No. fi.— Describe the machine work on a built-up 
propeller 95 

Qwition No. 7. — Describe the machine work on a crank 
shaft, connecting rod, or piston rod 9S 

Question So. 8. — Describe the manufacture of any large 
forging of steel or iron 99 

Question No. 9. — Describe the work of bnilding a large 
boiler 101 

Question No. 10. — Describe the work of running lines in a 
ship and erecting her engines in place 106 

Question No. 11. — Describe the work of boring out and fit- 
ting stem tubes and shaft struts 109 

Quotum So. 12. — Describe the details of building a con- 
denser Ill 

Question No. IS. — Give an outline of the method of fitting and 
erecting steam and exhaust piping, with a statement of the 
precautions that should be observed 114 
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FASB 

BHbjeet So. 5.— Stren^h of Materials, Ueti^iirgy and Bhipbuild- 
Ing 115 

Qttestioit So. J.— Work out th« tbicknesa of shell, detail of 
riveting, thiolcD«B8 of furnaces, diameter of braces in steam 
spaces and size and spacing of stays for a cylindrical boUer 
of given diameter and steam pressure 115 

Quation So. S.^Deaign a crank abaft for engines of a given 
size, from data fumiahed 116 

Question So. 3. — Design a piston rod and a connecting rod 
for a given engine 120 

QueiUon So. 4- — Work out the principal dimensions for tbe 
cylinders of a given engine, including steam ports 121 

Queftion So. 5.— Give a brief outline of tlie process of mak- 
ing cast iron, explaining how tbe different qualities are pro- 
duced ^ 132 

QitestUin So. 6. — Give a brief outline of the common method 
of making wrought iron bars or platea 123 

<^«estio» So. 7.— Describe briefly tbe principal methods of 
making steel uaed in machinery and structural work 183 

QuetUon So. 8. — Explain in a general way the manufacture 
of various Idnds of brasses or bronzes, explaining how the 
proportions of tbe ingredients affect the principal qualities, 
sucb as atrengtb, hardness, biittleness, etc 124 

Qvettion So. 9. — Explain in a general way the manufacture 
of tbe so-called " white metals " or " anti-friction " metals, 
the way in which they are uaed, and the reoaoua for their use. 136 

Question So. 10. — Explain the methods of framing used in 
war YCBsela constructed of steel, particularly tn the space to 
be occupied by machinery 12S 

QueatUm So. 11. — Explain method of water-t^bt aubdivialon 
used on board war vessels 12fl 

Question, So. J8,— Explain the framing and working of plates 
at the stem post and where the shaft tubes are attached. . . . 127 

Question So. IS. — Explain the drainage system and ita con- 
nection to the engine-room pumpa 127 

Qvestion No. H. — Explain the precautions to be taken in at- 
tactdng valves to the bull to maintain the strength and pre- 
vent corrosion 188 

Question So. IB. — Explain the fitting of decks and framing 
of batches near the machinery compartments 129 

Question So. 16. — Explain briefly, center of gravity, center 
of buoyancy and metacentef. Biacusa briefly the considera- 
tiona that aflect atabUity and atiflneas 129 

Subfect So. S. — Economics of Machinery 130 

Question So. J.— Explain briefly the advantages and disad- 
vantages of high steam preasures and multiple «xpanslon en- 
gines both for marine machinery in general and for war 
vessels 131* 
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Notes on Stbaii ENaiKBRRiNS 9 

Question Ho. fl. — Discuas brieflj the advaatagea and diaod- 
vantages of the various styles of TalTe ^ear and Talves in 
ge&eral ase, and of those which are used in special cases 
where saying' of weight and space is important 131 

Question No, S. — Dieeuss briefly the considerations that gov- 
ern the choice ot a particular style of boiler, noting the rela- 
tive merits of shell and coil boilers 131 

Question No, 4. — Diacuaa the methods of propulsion in com- 
mon use, giving important teatores to be aeciired In an effi- 
cient propeller, and explaining why the form of propeller 
now in nee is moat deairable; or what other form, if any, 
you thinlc would be preferable 133 

Quettion No. 5. — Discuss the question of the methods ordi- 
narily employed in securing great power in marine machin- 
ery on light weight; ahowing what is ueceseary, how far it 
ia safe to go, and what precautions in inapection must be 
obaerred in order to aecure perfection in material and work- 
manahip 132 

Affknsicks. 

Appendix J.— The Logical Arrangement of the Motive Power 
of Warships. A paper by Eear-Admiral Geo. W. Melville, 
U, S. N., Chief of the Bureau of Steam Engineering 135 

Appendiat B.— List of text-books of steam engineering in 
which elaborationa of the replies contained in this book can 
most readily be found 154 
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EERATA. 

Page 46, line 21. Should be 110 inches inttekd ol It iucbea. 

Page il, line 30. Shonld be 1/S3" cat, 9/8^' feed, instead of 
1/S2" feed, 8/8" cut. 

Page 94, line 19. Bhonld be . . . and filed to size initead of fitted to size. 

Page 96. In rearranglDg the notea for publication, the paragraph about 

balancing of serews was ra-worded and layi, "This (npporttng 
mandrel mnit of conraa be of nnlform diameter thronghoDt 
Its length." This ii wrong; the two end* mnat l>e of equal 
diameter, bnt the mandrel mast flt the taper hole In the hnb, 
otherwlM no resnlti coold be obtained. 

Page 98, line 38. Slionld be 1/100" Instead of 1/1000^'. 

Page lia, lIneS4. Shonld read: and that afterward* a reamer fitting both 
parte is put in and all reaming . . . 

Page 118, line IS. S Inche* should read 3 feet. 

Page 117, IIdb 5. 
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NOTES ON STEAM ENGINEERING 

ARRANGED FOR THE USE OF 

OFFICERS OF THE OLD LINE OF THE NAVY 



Snbjeat ITo. 1. — Design of Karine Xaohinery. 

Question So. 1. — Calculate the horse-power necessary to secure a 
given speed in a certain vessel. 

In working out formulae the Cmoiimati ia taken as an example. 

Various formulae are used for this purpose, the constanta in 
them being deduced from the trials of similar veesels. In most 
of these formulae the I. H. P. is supposed to vary aa S', but in 
practice it is found that above 17 knots it really variea aa S°^or S'. 

A. — Admisaltt Ritle. 

Let D = displacement of vessel in tons of 2340 pounds, S = 

speed of vessel in knots per hour, and C^a constant varying 

from 175 to 300, according to size and lines of the ship and the 

speed. Then we may use the formula, 

DM j< g> 

I. H. P. ^ p , which gives for the Cincinnati, 

I.H.P.= P'%X(8Q)- ^s,„ 

B. — BoULTOlfS AND WATT'S ElJLK. 

Let A=:area of immersed midship section in square feet,*' 
S^ speed of ship in knots per hour, and K^a constant, varying^ 
from 400 to 700, according to size, lines and speed of the ship, 
the value of which is determined from actual performance nf ves- 
sels of similar proportions. Then we may use the formula, 

A X S' 
I. H, P. = — = — , which gives for the Cincinnati, 



I H p ^ 665 X (g( 
' ■ ■ 550 



= 9673. 
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13 Notes on Stbah Enginebbino 

The followiBg table gives values for the conBtonta used in the 
tro fonniilae just given: 

Ccacnl Dcurlpilaii of Ship. SpHd. C K 

Over 400 feet long, finely shaped 15 to 17. . .240. . .680 

Over 300 feet long, finely shaped 15 to 17. . .190. . .500 

Over 300 feet long, finely shaped 13 to 15... 240. ..660 

Over 300 feet long, finely shaped 11 to 13. ..860. ..700 

Over 300 feet long, fairly shaped 11 to 13. . .240. . .650 

Over 300 feet long, fairly shaped 9 to 11. . .860. . .700 

Over 250 feet long, finely shaped 13 to 16. . .200. . .580 

Over 250 feet long, finely shaped 11 to 13. . .240. . .660 

Over 850 feet long, finely shaped 9 to 11. -.260. ..700 

Over 350 feet long, fairly shaped 11 to 13. . .880. . .680 

Over 250 feet long, fairly shaped 9 to 11. . .250. . .680 

Over 800 feet long, finely shaped. 11 to 12. ..220. . .600 

Over 800 feet long, finely shaped 9 to 11. . .240. . .640 

Over 200 feet long, fairly shaped 9 to 11 ... 220 ... 620 

Under 200 feet long, finely shaped 11 to 12. ..200. ..550 

Under 200 feet long, finely shaped 10 to 11. . .210. . .580 

Under 200 feet long, finely shaped 9 to 10. . .280. . .620 

Under 800 feet long, fairly shaped 9 to 10. . .200. . .600 

Torpedo boat, 135 feet long 80. . .156 

Torpedo gonboat, 830 feet long 20. . .186 

Third-class cruiser (Medusa), 265 feet long. 80. . .159 

Second-claae cruiser- (Terpsichore), 300 feet 

long 30. . . 198 

First-class cruiser (Edgar), 360 feet long. . . 80. . .276 

First-class cruiser (Blenheim), 375 feet long. 20. . .278 

Passenger steamer, 525 feet long 20. . .281 

C. — RiNKINB'a EULE. 

Banking suggested a method of calculating the resistance of a 
ship, vhich is based on the resistance of the wetted surface, and 
which also took into account the fineness of the water lines. 
This method is very rarely used at present, as it cannot be em- 
ployed until after the lines of the ship are known. Fronde's 
Ijaw is the method generally employed. 

Bankine's rule is: 

BuU 1. — Given the intended speed of the ship in knots; to 
find the least length of the after body necessary, in order that 
the resistance may not increase faster than the square of the 
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Notes on Steah Ekoineebing 13 

speed: take three-eighths of the square of the speed in knots for 
the length in feet. To fulfil the same condition, the fore body 
should not he shorter than the after body as given by the pre- < 
ceding mle, and may with advantage be one and one-half times . 
as long. The length of after body may be expressed tmder this* 
rule as follows: 

z = -Q-, where z = length of after body and S = speed in knots.. 

From this directly follows : 

EuU S. — To find the greatest speed in knots suited to a given 
length of after body in feet, take the square root of two and two- 
. thirds times that length, or, to express it in a formula: 
8 = V2| X z . 

RuU S. — When the speed does not exceed the limit given by 
Bule 3, to find the probable resistance in pounds: measure the 
mean immersed girth of the ship on her body plan; multiply it by 
■ her length on the water line; then multiply by 1 + 4 (mean 
square of sines of angles of obliquity of stream lines). The pro- 
duct is called the augmented surface. Then multiply the aug- 
mented surface in square feet by the square of the speed in knots, 
and by a constant coefficient; the product will be the probable 
resistance in pounds. To express this in formulae: 
A = LXGX[l + 4{8in y)'], and 
B = AXS»XC. 

Where A = augmented surface ia square feet, L ^ length in 
feet on water line, G = mean immersed girth in feet on body 
plan, y = mean of the greatest angles of obhquity of all water lines 
to the keel, S = speed, and C = a constant coefficient, the values 
of which may be given as 0.01 for clean painted iron vessels, 0.009 
to 0.008 for clean coppered vessels, and 0.011 and upwards for 
moderately rough iron vessels. 

Rule 4- — To estimate the net or effective horse-power expended 
in propelling the vessel, multiply the resistance by the speed in 
knots, and divide by 326, or 

Net I. H. P. for propulsion of ship = ^ ^g^g ^ ^ • 

BuU 5. — To estimate the gross or indicated horse-power re- 
quired, divide the same product by 326, and by the combined effi- 
ciency of engine and propeller. In ordinary cases that efficiency 
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is from 0.6 to 0.636, eay an average of 0.613; therefore m such 
casea the preceding product is to be divided by SOO (Bankine, 
Rules and Tables) or, 

OroBB I. H. P. developed by engines = ^r^ . 

These rules give very accurate resulta but are tedious and re- 
quire the lines to be fully drawn before the calculations for 
I. H. P. can be made. 

For a fuller discussion of the foregoing three rules. A, B and C, 
see Seatou's Manual of Marine Engineering, 1896, White's Naval 
Architecture, and Journal of Naval Engineers, Vol, iii, No. 4. 

D. — Fboude's Law. 

Froude's law for comparing ships and models of aimilarly pro- 
portioned veBsels of different sizes (see White's Naval Architec- 
ture) is as follows: 

The resistances vary as the cubes of the similar dimensions 
(length, say), and the speeds vary as the square roots of the simi- 
lar dimensions. To express it in formulae 



and 



8'_ /L 



where B and R' are the resistances, S and S' the speeds, and L 
and L' the lengths. 

In similar vessels, the cube of the ratio of similar dimetmouB 
is equal to the ratio of the displacements, or 



From these we Si 



therefore ^ ^ = '/tj^- 
the 

Ratio of speeds of two similar veesels = -^ = J -^ ; and that 
the 

Ratio of dimensions of two similar vessels = "y" — \/^fi~ > ^^^ 

that the 
Ratio of © (immersed midship section) of two similar vessels = 



^D , 



; and that the 



Ratio of I. H. P. of two similar vessels = -^ ^ -g-; 
in all of which D and D' are the displacements. 
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Comparing the Yorktown data with the Cincmnati, we have 
D' (Cinciniiati) 3183 tons. 
D (Yorktown) 1680 tons. 



p =1.8946. 






Batio of speeds 


= ;/^=i.im. 


• / [)' 
Batio of dimensions ^ V "f7 = 


1.23M. 


Batio of © = 


p-)= 1.6311. 




Ratio of I. H. P 




= 2.10»6 



The Yorktown's dimensions are: length 233'; beam 36'; draft ■ 
14'; dead flat section 435 sqnare feet. 

The dimensions of a vessel similar to the Yorktown hut about 
the size of the Cincinnati would he: length 383'; beam 44' 6"; 
draft 17' 3-1/2"; dead flat section 665 square feet. 

Therefore, if the Yorktown's speed was 16.14 knots, with 3205 
I. H. P., the Cincinnati's speed would be 16.14 X 1.1134 = 17.95 
knots, with 3205 X 2.1076 = 6755 I. H. P. 

If we assume that the I. H. P. varies as S" at high speeds, we 
would have, 

17.95" : 20^-' :: 6755 : Z, 
whence Z ^ I. H. P. necessary to drive Cincinnati 20 knots = 
9863. 

This is the I. H. P. necessary for a vessel of the displacement 
of the Cincinnati, but similar to the Yorktown, the dimensions 
being as found above. As the Cincinnati is, however, a longer 
ship than the expanded Yorktown, it is probable that lees I. H. P. 
wiU suffice for SO knots. 

In this rule it is necessary to have accurate data'of a similarly 
proportioned vessel to work from, having which, the results will 
be very close. From the data obtained as above for different 
speeds, a speed and power curve can be laid down for the new 
vessel. 

This rule assumes all frictions as constant percentages of the 
effective or propelling H. P., which is nearly accurate in practice. 

The I. H. P. of tie main engines only would ordinarily be 
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need, though, aa the aiiziliariee form nearly a constant perc^it- 
sge, it does not matter mnch vbetber we use the gioaa or the net 
I. H. P. 

It is well to compare the coefficienta of fineness of the old and 
of the proposed vessel also, which is 

_ D X 35 
^ - L X B X d • 
(where C is the coeflBcient of fineneaa, D is displacement, L is 
length between perpendiculars, B is beam and d is draft), espe- 
cially for high speeds, and also to compare the lengths, as it may be 
shown that the size of the proposed vessel may be advantageously 
changed for the proposed speed. 

The data of several vessels should be worked up to find data 
for the proposed vessel, and then either the average or the most 
reliable data taken. 

In rules A and B heretofore given, if the constants are chosen 
from reliable data from trials of ships of about the same shape, 
size and speed as the proposed vessel, the results will be quite 
reliable. 

E. — skier's Analtbis, 

A fairly reliable method, and one of the readiest, is known as 
Kirk's Analysis. (See Seaton.) 

The general idea in this analysis is to reduce all ships to so defi- 
nite and simple a form that they may be easily compared; and 
the magnitude of certain features of this form shall determine 
the suitability of the ship for speed, etc. As rectangles and tri- 
angles are the simplest forms of figures, and more easily com- 
pared than surfaces enclosed by curves, so the form chosen is 
bonnded by triangles and rectangles. 

The form consists of a middle body, which is a rectangular 
parallelopiped, and the fore body and after body, which are prisms 
having isosceles triangles for bases; in other words, it is a vessel 
having a rectangular midship section, parallel middle body, and 
wedge-shaped ends, as shown in the figure. 

This is called a block model, and is such that its length is equal 
to that of the ship, the depth is equal to the mean draft of water, 
the capacity equal to the displacement, and the area of section 
equal to the area of the immersed midship section of the ship. 
The dimensions of the block model may be obtained by the fol- 
lowing methods, the figures being those of the Cincinnati: 
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In the figure, since AG- is supposed to equal HB, and DF equals 
EK, the triangle ADF equals the triangle EBK, and they to- 
gether will equal the rectangle whose base is DF and height is 
AG. Therefoie, the area ADEBKF equals BK X AH. The vol- 
ume of the figure is this area multiplied by the height EX. Then 
the volume of the block is equal to KL X EK X AH. But KL 
X E£ is equal to the area of mid section, which is assumed to be 
equal to the area of immersed midship section of the ship, and 




the volume of the block is equal to the volume displaced by the 
ship. Hence 

Displacement 'X.Z5 = immersed midship section X AH; 



AH = displacement X 3 



id midship section. 



HB = AB— AH, and AB = the length of the ship. 
Therefore the length of the fore body of block model is equal to 
the length of the ship, less the value of AH as found above. 

Again, the area of the section KL X EK is equal to the area 
of immersed midship section, and TCTi is equal to the mean draft 
of water. Therefore 

EK = immersed midship section -^ mean draft of water. 

It has also been found that the wetted surface of this block 
model is very nearly equal to that of the ship; and as this area 
is easily calculated from the model, it is a very convenient and 
simple way of obtaining the wetted skin. In actual practice, the 
wetted skin of the model is from 2 to 6 per cent in excess of that 
of the ship; for all purposes of comparison and general calcula- 
tion it is sufficient to take the surface of the model. 
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Area of bottom of model == EK X AH. 

Area of Bides = 2 X FK X KL = 2{AB — SHB) X KL = 

8 (length of ship — 2 length of fore body) X mean draft of water. 

Area of aidea of endB = 4 X KB X KL = 4 V OT» + HK» X 
KL ^ 4 V Length of fore body* + half breadth of model' X 
mean draft of water. 

The angle of entrance is EBE; EBH is half that angle; and 
the tangent of EBH = EH ^ HB. 

Or, tangent of half the angle of entrance = half the breadth of 
model -=- length of fore body. 

From this the angle of entrance may he obtained. 

The block model for ocean-going merchant steamers, whose 
speed is from 14 knots upward, has an angle of entrance of from 
18 to 15 degrees, and a length of fore body from 0.3 to 0.36 of 
the length. 

That of ocean-going steamers whose speed is from 12 to 14 
knots has an angle of entrance from 21 to 18 degrees, and a length 
of fore body from 0.26 to 0.3 of the length. 

That of cargo steamers whose speed is from 10 to 12 knots has 
an angle of entrance from 30 to 22 degrees, and a length of fore 
body 0.22 to 0.26 of the length. 

To find the I. H. P, from the wetted surface. — In ordinaiy 
cases, where steamers are formed to suit the speed as indicated 
above, the number of horse-power per 100 square feet of wetted 
surface may be found by assuming that the rate for a speed of 10 
knots per hour is 5, and that the quantity varies as the cube of 
the speed. When the ship is esceptioually well proportioned, the 
bottom quite clean, and the efficiency of the machinery high, as 
low a rate as i horse-power per 100 square feet of wetted skin of 
block model may be allowed. 

Applying this to the Cincinnati, we have 

AB = length between perpendiculars = 300' 

KL = mean draft = 18' 

The cubic contents = displacement = 3188 tons. 

EK X KL =^ immersed midship sections = © ^ 665 sq. ft. 

. _ displacement X 35 _ 3183 X 35 __ „., „„ 
AH- ^ - ggg— -167.53 

Length of fore body = 

HB = AB — AH = 800' — 167'.6 = 133'.5 
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EK = ^ = ^ = 36'.9H .-. EH = -^ = 18U7 

EB = V EH^+^B^ = V 18.47' + 182.5» = 133.78 

PH 18-47 

Angle of eatrance = EBK and tang. EBH = -^g- = ._-- 

= tang. 7''56' 
.-.angle EBK^8 X 7''66'^15°52'=:angle of entrance. 
Seaton says for speeds above 14 knote EBH = 18° to 15° and 
that HB = 0.3 to 0.36 of AB. For Cincinnati HB = 0.44. 

Wetted surface = EK X AH + 3 FK X KL + 4 X EB X 
KL = 36.944 X 167.5 + 2 (300 — 2 X 138.5) X 18 + 4 X 
133.78 X 18 = 17080.28. 

■•. wetted skin of ship = wetted surface of block X ~^m + s*""- 
face of bilge keels less skin surface covered by them. 

= 17080 X-^+2[2X2X 200—1/2 X 200] 
= 16962 + 1400 = 17362 sq. ft. 
For 100 sq. ft. wetted skin it requires 4.5 I. H. P. to drive it 10 
knots. 

.■.for20knotsI.H.P. = (^J|) X 4.5 = 51. 

-■.for 17363 sq. ft. of wetted skin it requires for 80 knots 
173.62 X 51 = 8855 I. H. P. 

From the foregoing rules we have the following results for esti- 
mated I. H. P. of main engines of Cincinnati to drive her 80 knots: 
Ruh il.— 9617 I.H.P. 
« J5.— 9678 I. H. P. 
" /).— 9863 I. H. P. 
" .B.— 8855 I. H. P. 

Average, 9502 I. H. P. 
The I. H. P. of all auxiliary engines averages about 3.5j( of the 
I. H. P. of main engine; .-, for the Cincinnati 

total I. H. P. = 9503 X 1-035 = 9835, or say 10,000. 

Question No. 2. — Cakulate the dimensions of cylinders for a given 
horse-power. 

To calculate the dimensions of cylinders for a given I. H. P. we 
calculate the area of the L. P. cylinder as if all the work was to 
be performed in that cylinder. 
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Assume the following data: 

Working pressure of steam ^P; then the absolute pressure ::= 
P+14.7. Total ratio of expansion of steam ==R; cut-off in 
H. P. cylinder = C; 

The stroke of the piston and the number of revolutions give the 
piston speed. The back presBure in the cylinder varies from 
Z-1/2 to 6 lbs. per sq. in. 

Let p = the initial, p_ ^the mean forward, and p. =:the 
mean effective pressure. 

For a ratio of expansion K, p. = ^r (1 -f- log. K) X P : 

For values of p, see Seaton, p. 118. 

In the above expression log, K = log„ E X 3.30858. 

On account of the drop in pressure in the pipe leading to the 
H, P. cylinder and of the wire drawing of the steam through the 
ports, the initial pressure in that cylinder is far below the hoUer 
pressure; the Newark and Concord showing a loss of about 28 lbs. 
There is also a considerable drop in the pressures in the receivers, 
so that only about 60^ of the mean pressure due to the initial 
pressure can be calculated on; so we have, 

p. = p.. X -60 — back pressure in cylinder. 

.". Net area of L, P. cyl. = 

I. H. P. X 33000 

piston speed per minute X mean eff. pres.' 

To this area we add one-half the area of the piston rod, and 
from the resulting area we obtain the diameter of the cylinder. 

In order to get the true expansion we must consider the clear- 
ance in the H. P. cylinder : this for slide valves is about 12j(, and 
for piston valves about Z2^ of the piston displacement. 

...... ■ IT -D 1 Stroke -(- clearance 

.'. Actual ratio of expansion in H. P. cyl. = -t—-. — -— !; — ; — 

Cut-on + clearance 

. Area of L. P. cyl. total ratio of expansion 

Area of H. P. cyl. ratio of expansion in H. P. cyl. 

.-. Area of H. P. cyl. = 

Area of L. P. cyl. X ratio of expansion in H. P. 

total ratio of expansion 

Seaton gives the following formulae: 
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AreaH P cyl = AreaL.F. cylinder 

^ Cut-off in H. P. cyl. X total ratio of expansion 
For triple expansion engines, 

, -r T, , Area of L. P. cylinder 

Area I. P. cyl. = ■ . 

1.1 VCratio of area of L. P. to H. P.) 

For qnadmple expansion engines, the ratio between any two 
adjacent cylinders = 

'/ Area L. P. cylinder \ 
\Area H. P. cylinder/' 
For triple expansion engines, the Bureau of Steam Engineering 
makes the I. P. cylinder a little less than a mean proportional be- 
tween the H, P. and L. P. cylinders, or 

A,e.I.P.c,L = A,eaH.P.c,LV(liM:^5^). 

Taking the Cincinnati, we have I. H, P. of one engine = —z~ = 
4761. 

Boiler pressure = 160 lbs, ^174,7 absolute; allowing for drop 
to initial pressure in H. P. cylinder we have pi = 174,7 — 88.7 =^ 
146 lbs. 

Speed of piston = 2 x jj stroke X 164 revolutions per min- 
ute ^ 903 ft. per minute. 

Cut-off in H. P. cyl. = 7/10 stroke, and the back pressure =3 lbs. 

Where weight and space are of such importance as they are in 
naval vessels, economy is not given the same consideration as it is 
in engines of the merchant marine, and for boiler pressures of 
160 pounds, the ratio of L. P. to H. P. cylinder is generally made 
6.0. Assume such a ratio and a clearance of 30 per cent. Then 

the actual rate of expansion in H. P. cylinder will be - ^ =: 

1.333, and the total rate of expansion for the engine 6 X 1.338^ 

6.66, for which -^ = .4347. 
pi 
.•. p, = 146 X . 4347 = 63.6. 
.■. p.^ 63,5 X -60 — 3 = 35 lbs. = mean effective pressure. 

* T T» 1 4751 X 33000 ^„_ 

.•- net area of L.P. cyl. = — ooa y 35 — "^ ^^' ^^' 

or, net area of each of the two L. P. pistons = 2483 sq. ins. 

r:-,..di..>C00gIc 
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This coirespondB to a diameter of 56.83 inches, witliout conaid- 
ering the piston rod; say 57 inch^ as the diameter of each piston, 
and a cotreaponding totel area of L. P. piston ^ 2553 sq. ins. 



.•.AreaofaRcjl.- 6.66 

1021 sq. ins. which gives a cylinder of 36" diameter. 
By Bureau of Steam Engineering rule: Area I. P. cyl^ 

corresponding to a diameter of 53.8"; as the Bnrean makes it a 
little less than the mean proportional, say 53". 
Using Seaton's rules-; 

Area H.P. oyl.=^^^||= 1095 sq. ins., which gives 37.3" 



y\ 102 



i sq. ins., which gives 



51.5" diam. 

Question No. S. — Calculate ike dimenaiona of condensers and 
pumps for engines of given dimensions. 

C0ND2N8EE8. — The Bureau of Steam Engineering rule is to 
have 1.4 square feet of tube cooling surface for each I. H. P. The 
condenser should be large enough to condense the steam from the 
main and from all auxiliary engines, hence we use the total I. H. P. 

The total tube surface in square feet = 1.4 X I- H. P. 

Let the tubes be 5/8" outside diameter and 11'6'' long between 
the tube sheets, giving for one tube a cooling surface of 1.8817 
sq. ft. 

1.4 X 5000 „„„„ 



.*. for Cincinnati, the number of tubes = - 



1.8817 



The condensers of that ship each have 3715 tubes of above size. 

It is the usual practice in our service to space 5/8-incb tubes 
15/16 inch from center to center, and to make the condemers 
cylindrical. The diameter for such a condenser would be deter- 
mined from a diagram giving the number of tubes that can be put 
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in a cylinder of a given diameter. An approximate rule for this 
Ib to divide the nnmber of tubes hy 144; the reanlt will be the area 
iu eqnare feet of a circle whose diameter will be the diameter of 
the condenser. 

The condenser should be made in three sections, the center one 
canning all the nozzles, if practicable. The injection water should 
enter and leave at the same end of the condenser, whose total 
length win be about 2 feet greater than that of the tabes.>^ 

Am FuiCFS. — ^The Bureau of Steam Engineering allows about 
2/10 en. ft. displacement per minute per I. H. P. 

6000 X -S ^ 1000 ctt. ft. per min. displacement. Assome 
stroke = 16-1/3" ^ 1.375', revolutionB = 100 per minute, and. 
that the pump is to b6 single acting. 

•'• . a-. ^ inn ''^ '^■^'^ ^- ^*- = 1*^*'' SQ- ins, area of pistons.^. 
I*o7o X lOU 



each piston, corresponding to a diameter of 26.85 in., say 26 in. 

The pomps should then be 26-in. diameter by 16-1/2-in. stroke. 

Assume the pressure on the air-pump piston to be S6 lbs. per sq. 

inch and on the steam piston 100 lbs. per sq. inch and we havd 

The area of steam piston = area air-pump piston X 1^/4- 

To this add 2Sji for friction and we have area of the steam pis- 
tons = 524 X V* X 1.25=163.75 sq. ina. = 14.4" diameter. 

The displacement of the air pump is sometimes calculated as 
being one-thirtieth of the displacement of the L. P. piston in the 
same unit of time. 

Assuming same stroke and piston speed as above, for a two- 

cylmder pmnp, which P™ sJ^Oi^H^ ="'•'* "'• 
ins. area of each piston corresponding to a diameter of 26.3 ins. 

Seaton gives for a vertical, single-acting pump for triple-expan- 
sion engines with surface condenser, a capaci^ of 1/83 that of 
the L. P. cylinder. Using this value, would give 

2X3483X33X2 ,^ ^^^ 

— 55 — 14,260 cu. ms. 

With a stroke of 16-1/2 inchra, and two pump cylinders, the 

area of each piston would be 

14250 ... _ 

23^^g^=481.8 8q.ins. 
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^iB corresponds to a piston 23-1/3 inches diameter, and woold 
be for a pump worked from the main engine. 

CiBCULATiNQ PiTUFS. — Most modem ships use centrifugal circu- 
lating pumps. 

The Bureau of Steam Engineering allo^ra S gallons of water per 
minute per I. H, P. On this aaaumption the Cincinnati should 
have 5000 X 2 = 10000 galla. delivered per minute, 
= 80000 lbs. 

Say it is delivered against a head of 10 ft., then the I. H. P. of 

. , 10000 X 8 X 10 „, 
engme for pump = ^^^ = 84 . 

The above is for separate air and circulating pumps. If these 
pumps are to be combined, as is often done, the total I. H. P. may 
be diminished a little by properly designing the pumps, the cir- 
culating pump being then made a double-acting pump of suffi- 
cient capacity to deliver the above amount of water. 

If we calculate the necessary amount of injection water to ab- 
stract the heat of the exhaust steam, we assume the exhaust pres- 
sure, say 10 lbs. absolute; the pounds of steam per I. H. P., say 
20 lbs. per hour, and the difference of temperature between in- 
jection and discharge water, say 20° F., 

5000 X 30 (Iba. steam) X 1058 (heat in a pound of steam) 
20° X 60 X 8-1/3 {weight of a gall, salt water) 
= 10524 galls, per minute (maximum), from which we get 

10524 ,,^„ 

■ -,, = 1400 cu. ft., say. 

Allowing 1000 ft. per minute for the velocity of the water; area 
of inlet = r-jT- s=1.4 sq. ft., or 16" diam. 

If we use a centrifugal pump and make the diameter 3-1/2 
times the inlet, we have a pump of 40" diameter. This pump run- 
ning at about 350 revolutions per minute, will deliver this amount 
of water. 

Seaton says the velocity of water shoold not exceed 400 ft. per 

mio.; .-. the diam. of pipes^*/ ^ '-^-^ ', and the velocity 

of the periphery of the fan should be about 500 ft. per mln. 

In centrifugal pumps, the water should enter the pump on 
both sides of the fan, so as to balance it, and not draw or force 
the fan against one side of the casing; or else thrust collars should 
be fitted on shaft to accomplish the same object. 
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Feed Pumps. — The total qaantity of feed water required will 
be 30 IbB. per hour per I. H. P., and, doubling thia for emergencies 
and to allow for slip and leakage, we must hare in each engine 
room a main feed pump of capacity ^ 

5000 X 20 X 3 = 30000 lbs. per hour. 
= 63 cu. ft. per minute. 
If the stroke = 1' and we hare 100 strokes per min., the pumps 
must deliver: 

■ ^ y ]/),. = -53 cu. ft. per stroke. 
.". 144 X .53^76 sq. ins. ^ area of piston, and the diameter 

= area of piston, 

corresponding to a diam. of 7". 

If we use a duplex pump, the area- of each of the pistons is 1/S 
that of a single-cylinder pump. 

Make the area of st^am to water piston 3-1/4 to 1. 

Question No. ^. — Calculate dimensions of a set of boilers to fur- 
nish steam for a given horse-power. v 

For maximum power, forced draft will be used, and then the 
boilers should develop 16.4 I. H. P. per square foot of grate sur- 
face (see trial of Newark). 

. 10000 „,„ „ 

.". grate surface = = 610 sq. ft. 

We will make the grates 6' long and the furnace flues 42" in- 
ner diam. .-.one fumace = Sl sq. ft., and the number of fur- . 

610 
naces = -rr- = 39 : say 30. ^ 

We will use 4 double-ended boilers 14' in diam. (provided space 
will allow), having three furnaces in each end, and two single- 
ended 3-fumace boilers of same size. 

Length will be ^ 3 (length of grate -^- thickness of bridge wall 
+ depth of back connection + thickness 
of heads and combustion chambers) + 
water space between connections, 
= 2 (6' -f 1' + 2' 6" + 1-1/4" + 3/4") + 6" = 
2 X 9'8" + 6" = 19'10". 



izedbyGoOglC 



26 Notes on Stsam Enqinbbrino 

Heating aurface = grate surface X 31 to 35, or I. H. P. X 1-887 
= 610 X 83 = 20130 sq. ft. or = 18870 aq. ft. (Newark). 

Tlie heating stirf ace per I. H. P. for later ressels = 1.7 to 2.3 
sq. ft. Tabee should be 2-1/4' outside diameter, and about 7'^" 
long. 

Calorimeter through tubes should be 1/6 to 1/8 of the grate 
surface. ■'. number of tubes in one double-ended boiler^ 
21X6 _14^ _ 
7 ^ 3.1416 - ***■ 

If the space to be occupied in the ship be given, the boilers can 
be laid dovn on paper to see if they will fit in, or, by using the 
tablea in Seaton, we can teU whether the designed boilers will fit 
in the giren space. 

The distribution of the heating surface is about as follows: 
tubes = 86.3^, furnaces = 6.4^, connections = 7.3^. 

The steam space (total) should be such that it equak the vol- 
ume of steam used in 20 seconds b; the engines, in order to avoid 
foaming; or there should be S5/100 cu. ft. of steam space per 
I. H. P. 

The top row of tubes should not be lees than 1/3 the diameter 
of the boiler from &e top. 

Wateh-Tobb Boilers. 
The great number of types of water-tube boilers in existence 
makes it impossible to lay down any general rules for their de- 
sign. The H. P. per foot of grate surface, and the proportion of 
heating surface to grate aurface are very variable, even in boilers 
of the same type. The following table shows this, and gives 
about all the information possible relative to the proportions with 
which a water-tube boiler should be built. 

TypeotbolI«. *,.?t^fSSta. "•'^S'.'ft'ffiir' 

Bftbcock A Wilcor 12 to 16 80 to 46 



NielftniH . . 
BolleTllIe. . 
Honnund . . 



I to 40 
27 to 87 
GO to6S 



Thomycroft 30 to 50 48 to 70 

T"row 20 to 80 50 to 66 

Thwe figures are very rough appronmations, so much will de- 
pend upon the conditions under which they are used. 
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In designiag a boiler, the items in this table most be known, 
and the exact values of tliem to be used most be detennined b; 
experience with the particnla* type in view. 

Then, knowing the H. P. desired, the number of feet of grate ■ 
surface is taken from the table, and the shape of the grate deter-, 
mined to snit the general dimensions allowed for the boiler, the 
method of arranging tubes, etc. 

Then the third oolnmn of the table will give the number of feet 
of heating surface, and to calculate the number of tubes, etc., the 
development of the different sets of curved tubes must be known, 
from which the calculation can be readily made. 

It is not possible to give more definite rules for water-tube 
boiler design than th^ie, but the calculations are simple, although 
long, and the points here indicated should be sufficient ae a ji^n- 
eral guide. ' 

Question No. 5. — Calculate the dimentiona of propeUera to drive a 
vessel at a given speed. 

The slip of the screw varies from 10 to 80j< at high speeds. 

Let S = speed of ship in knots, and B = revolutions of engine per 

minute: 

_, , . , - . . . . S X 6080 
Feet travel of ship per nunute = — tt . 

Feet travel of ship per revolution = — ^ X -p-. 

„. . , ... 8X6080 ^1 100 

Pitch of screw m feet = — — — X — 

or P 



E (100 — ^per cent of slip) 
S 10133 

H (100 — ^per cent of slip) ' 
The diameter of the screws varies according to each ship; the 
tips of the blade should be at least two feet under water and, for 
twin screws, should clear the sides of the ship by at least a foot. 
A small diameter of screw for high-speed engines is preferable, as 
it reduces the velocity of the tips of the blades, thus reducing the 
loss by friction, hut the diameter must not be too small or the 
area of the blades will not be sufficient to take up the power of 
the engines. 

The Bureau of Steam Engineering allows about 1000 lbs. mean 
normal thrust per square foot of helicoidal area of the blades. 
Twin screws should be placed so that the centers of length of 
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hnbB vill be at least 1/5 the diameter of the propellers forward of 
the radder post. 

The pitch ie neaally from 1 to 1-1/S times the diameter. 

We have. 

Feet travel of ship per minute =^ — — , and 

Foot pOTmds exerted by engines per minute = I. H. P.X 33000. 

Therefore the nmnber of foot pounds exerted by engines for 

..* ^. ^^A^. r.- I- H. P. X 33000 
each foot travelled by snip = ^^r^ — . 



If we assume that 1/3 of the I. H. P. goes to other purposes 
than propelling the ship, then we hare 
The mean normal thrust = 



From this we aee that the thrust varies as the I. H. P. and in- 
versely as the speed, bo that it may vary considerably under dif- 
ferent conditions, as when the engine first moves, or when the ship 
is towing or driving against a head wind or sea. In these cases 
the actual thrust will exceed the mean normal thrust and must 
be provided for in designing the thrust bearing. 

Seaton gives the following formulae ; 

Diameter of propeller in feet ^ 

K V .p ^'jty where £=20000 to 85000. 
Total area of blades in sq, ft. = 

/K for four-bladed screws is 15 for 

single and 10.5 for twin screws, 

K / !• H. P. where ^ '*" three-bladed screws is 13 for 

• R \ single and 9.0 for twin screws, 

K for two-bladed screws is 10 for 
\ single ■ screws. 
These values of K in the formula for the area of the blades 
apply rather to merchant vessels of moderate speed than to naval 
vessels of high speed, for which the values are much less, varying 
from 11.5 to 10.5 for four-bladed, and from 9.0 to 7,0 for three- 
bladed screws at speeds of 16 to 22 knots. 
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The maziinimi breadth of blade should be at 1/3 radios of screw 
from the center, and = 

J f C for four-bladed Bcrewe = 14 

C jiiiLZi, ,^iiere j C for three-bladed screws = 17 
■^ (. C for two-bladed screws = 23 

The width of the tip of the blade should be 1/3 to 3/5 of the 
maxinium breadth. Diameter of boss = 1/4 to 1/5 the diameter 
of screw. 

The helicoidal area of all the blades is sometimes calculated 
from the area of the immersed mldBhip section, and = ' 

5.5 
For the Cincinnati, assuming 20^ slip, we have 
20 X 100 X 6 
5 X 164 X (100 
Assuming two extremes, we have 

Diam. = 34000 



VciiifW—- '^ 



(15.5 X 164)' 
Di.„.=a6000^=Wi:=13.8,,.t, 
or Diam. (mean) = 13.5 feet, and for area of blades 



Area = 8 V'^= 44.1 sq.ft.. 
Area = 8.5 ^^ = 46.9 sq. ft 



Area (mean) = 45.5 eq. ft. 



Allowing 1000 lbs. per sq. ft. hs used by Bureau of Steam En- 
gineering, we have that the area of blades = 54.26 sq. ft., say 50 
eq. feet. 

Indicted ttn..t= °;;°^X 33000 ^ ^^^ ^^^ ^^^ 

Msximmn breadth of blade = n J 555? _ 53. 
Diameter of boas = —=^ = 8,7'. 
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Using immwsed midahip section, we have 
Area of all blades for S eetewt = -p: = 121 sq. ft. 

or for each screw —^ = 60.5 aq. ft. 
The actnal screw has 50 sq. ft. helicoidal area. 

Sobjeot Ho. 2. — ^Duties as Chief Engineer of a Ship in Commisgios. 

Question No. 1. — What procedure should le adopted on joining a 
ship to ascertain that the machinery is in proper condition; that is, 
what parts should he inspected, and how can Sie needed information 
be best secured tn the Goriest timet 

In order to ascertain as qmckly as possible the conditioii of the 
machinery of a ship relative to which there is no reliable infor- 
mation available, detail working gangs under the machinists and 
boiler makers, and make as thorougli an examination of the fol- 
lowing parts as time will allow : 

Open all cylinders, examine piston-rod nats and packing boxes 
of piston rods and valve stems, piston packings and bolts, wearing 
Bnrf aces, valves and seats, core plugs in cylinders and pistons, and 
the steam and exhaust ports. Remove caps and top brasses of all 
main journals, of shafting and cross heads, and see that they are 
in good condition, and also make sure that the bearings are prop- 
erly set up. 

If gauge marks sre on the bed plates or Beatings, see that the 
shafts are in proper line. 

Examine thrust bearings by removing cap or thrust rings. 

Examine stem stuffing boxes, to see if shafts have worn down 
and that packing is in good condition. 

See that all joints or gaskets are in good condition. 

In order to make these exanainationa quickly, such parts as are 
accessible with the engines in one position should be examined at 
the same time. 

Test the boilers with hydrostatic pressure by heating the water. 
Afterwards open all the boilers and examine tiiem closely for cor- 
rosion, giving a hammer test. 

Particular care should be taken in examination of tubes and 
brace fastenings. Examine all the valves, see that proper ones 
are on the boilers, and that all gauges are properly connected. 
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Examine all main and aimliary pumps and macliiiiery. 

Examine condenaerB hj putting test pr^Burea on each side of 
tnbee. 

Test Bteam and water piping if poasible, and Bee that proper 
drains are fitted on all piping. 

Get np Bteam and try pnmpB and auxiliary machinery. Then 
run the main engineB, taking care to see how the valves are set. 

Question No. S. — How should the men of the engineer's force be 
stationed for steaming watches and for general and fire guarierst 
(The examining board gives the nurnber of the engines and aux- 
iliariet, and of the loilers, with an idea of the general arrangements 
as regards svidivision. With these data given, the candidate must 
state the number of men required and their assignment.) 

To station the engineer's force for steaming watches the ntun- 
ber of men of each rate should be divided into three parts to form 
the three divisions, care being taken that each watch is as nearly 
equal in the quality of the men composing it as possible. 

For twin-screw vessels there should be in each watch a machin- 
ist stationed in each engine room for working the main engines, 
and one to take charge of the air, circulating and feed pumps, and 
all other auxiliary machinery in the engine or condenser compart- 
ments. 

If there be an upper and lower engine room for each main 
engine, an oiler should be Btationed in each, and if the parts of the 
engines are difficult of access, there should be two oilers around 
those parts. 

An oiler should also be stationed at the auxiliary machinery 
in engine and condenser compartments of each engine. There 
should be a water tender in each fire room (boiler makers and 
blacksmiths should do duty as water tenders at sea, when not re- 
quired for work on boilers) to have charge in that fire room over 
pumps, blowers, etc. 

There should be one first-class fireman and one second-class 
fireman to each four furnaces, and at least three coal passers for 
the same number of furnaces, as in modem ships the coal bunk- 
ers are mostly pockets to which access is not easy, neceBsitating 
considerable handling of coal before it is put on the fire-room 
floor. 

There should be one man (a second-class fireman) detailed Id 
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eacli £re room that has a blower and feed pmnp, to look after and 
oil them while numing. 

There shoold be a water tender or oiler on watch at the distil- 
ling plant; end an oiler at the steering engine and to oil and look 
out for any working machinery outside of the engine and fire 
rooms not mentioned above. One of the firemen in each fire 
room should he detailed to run the ash-hoiBting engines. 

Hence the total number of men in the engineer's force should 
be three times the above, besides a yeoman and store room keeper. 

Fob Genkrai. and Fibe Qoabtbrs. — The division on watch 
should remain at their stations. 

The machinists and oilers of the first relief watch should go to 
their stations in engine rooms and condenser rooms, and should 
see that all water-tight doors in those compartments are closed; 
that all fire pumps are started and working slowly overboard, 
ready to send water to hose; and should then lead out the engine- 
room fire hose. 

The yeoman and store room keeper should see that all store 
rooms and workshops are closed. 

The machinists of the second relief division should take charge 
of the port and starboard hose, the oilers to couple on the hose (if 
not kept coupled on). 

The water tenders of the first relief division should go to their 
stations in the difFerent fire rooms, to see that all doors are closed, 
viz.: air locks, doors from one fire room into another, and all 
doors in and into bunkers. The first and second-class firemen 
of this division should assist in closing doors. The relief water 
tenders should have charge of the fire pumps, should start them 
running slowly overboard, should see that everything is ready to 
turn water on hose, and should then lead out the fire-room hose. 

The water tenders of the . second relief division should take 
charge of the nozzles of the different fire hose, the firemen of 
their division from their fire room asBisting in leading out the 
hose. If there are not enough oilers for coupling on the different 
fire hose, first-class firemen should take their places. 

The boiler makers and blacksmiths should take charge in the 
main fire rooms. 

The ventilating engines on the berth deck should be stopped by 
the machinists of the second relief division in case of fire. 

The coal passers should be stationed with the firemen, unless 
ordered by the commanding officer for duty in powder division. 
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In making out any bill, each man Bhould be given bia special 
work, as closing certain dooiB, etc. 

Question No. S. — Give a statement of points to be observed in car- 
ing for machinery and the precautions to it observed (a) when in 
use; (b) and when not in use, in order to insure its readiness for 
service. 

Wbile the machinery is running, Bpecial care should be taken to 
Bee that all working parts are constantly oiled (sight-feed cups 
being the best way) and that the oil cups are working properly. 

All journals and slides should be felt every 15 or 30 minutes for 
signs of heating. 

Any slackness of journals, due to working loose of nuts, etc., 
should be immediately remedied if possible, even if it be neces- 
sary to stop the engine. The drains must all be kept clear around 
the engines. All packing showing leaks must be set up. 

The boiler safety valves should be raised once a watch. All 
gauge cocks should be tried every 30 minutes, and all glass gauges 
should be blown out every watch. 

Ko wet ashes should be allowed in contact with boilers. 

When the machinery is not in use, the cylinders should be ex- 
amined after every run, follower bolta examined, and the cylinder 
walls vriped dry and oiled with thin cylinder oil or vaseline. The 
packing should be renewed or overhauled where necessary. If 
journals, etc., show wear, the bearings must be adjusted, using 
lead wire. All oil cups must be cleaned and covered up. All 
joints of caps, covers, etc, on working parts must be covered to 
prevent grit or dirt getting in the journal. 

All machinery, valves, etc., must be worked every day. 

All repairs, the necessity for which was noted while the engines 
were running, must be made. 

AH oil cups and oil ways must be examined and cleaned. All 
holding down bolts, set screws, etc., must be examined. 

All steam and exhaust piping not in use must be kept thor- 
oughly drained. 

The boilers should be kept clean. If necessary lay off one at a 
time while steaming to have it properly scaled and cleaned, after 
which, if not going into regular use, it should be filled full of 
fresh water, and a solution of caustic soda should be injected into 
it to prevent corrosion from taking place. ' l^e air cock on top 
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should be tried every, few days to Bee that the boiler h full, the 
pumps bein^ turned ou for the purpoBe of forcing the air and 
water through the cock. 

All the grate and bearing bars should be removed and cleaned 
while cleaning the boilers, all scale and dirt should be removed 
from inside the tubes and the back connections, front connections 
and furnaces, and, if the boiler is not to be used for some time, 
the inside surfaces of tubes and back connections of furnaces 
should be oiled with a mineral oil. 

Any leaks around the boilers must be stopped if possible. 

If the boilers are likely to be needed at short notice the fires 
may be laid and the water in the boilers may be kept up to near 
212° by using steam from auxiliary boilers, either by injectors to 
heat the water or to blow steam directly into lowest part of boiler, 
or by pumps taking hot water from the auxiliary boilers and pump- 
ing it into the main boilers. 

In putting a boiler out of use, the fires should be allowed to die 
out, the ash pan doore being kept closed to prevent cold air pass- 
ing through the tubes, etc. When the fires are out and the tem- 
perature of water is lowered sufficiently, the water can he pumped 
out and the boiler then opened; when it should be cleaned at 
once, while the scale and dirt are soft. The boiler should then 
be thoroughly examined. 

In getting up steam, the fires should be allowed to bum very 
slowly at first, to allow all parts of the boiler to expand slowly 
and evenly. Four hours at least should be taken when the water 
is cold at the start. Less time is needed when the water is already 
near the boiling point when the fires are started. Artificial cir- 
culation should be provided while getting up steam. 

All iron or steel surfaces should be kept clean and covered with 
a good coat of paint. 

All pumps, valves and pipes must be examined and kept in 
good condition. The bilges and double bottoms must be kept 
clean, dry and well painted, and, if cemented, the cement must 
be kept in repair. 

Question No. Jf-. — Explain how hsst to obtain economy in the use 
of coal, oil, etc. (This will involve such considerations as the num- 
ier of loiUrs to he used for a given power, the rate of combtistion of 
coal, the steam pressure and point of cut-off to be used, the economical 
speed of the ship and the best method of lubrication.) 
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The question of economy of coal while steaming ie one that 
can only be determined by experiment for each ship. 

In general, the most economical speed for a ship is from one- 
half the mazimiim speed to one knot ahoye half speed, and, as a 
general thing, this speed can be obtained under natural draft with 
one-half boiler power. If that be not boiler power enough, it 
would be better to add another boiler rather than to use forced 
draft, as the former method increases the steam room so that the 
steam will reach the engines in a dry condition, and also as the rate 
of combustion per sq, ft, of grate aurface will be less. It may be 
necessary to use " assisted draft " in cases where the natural draft 
is crippled by insufficient hatches, etc. 

The rate of coal consmnption shoald be about 10 to 12 lbs. per 
sq. ft. of grate surface per hour. The steam pressure should be 
the highest working pressure allowed; the point of cut-off being 
adjusted to give the speed mentioned above, provided it does not 
give too high a rate of expansion, thus reducing disproportionally 
the power of the L. P. cylinder. 

When steaming against a current, the most economical speed is 
one and one-half times the speed of current, provided that this 
speed is not below one-half the maximum speed of the ship. 

The most economical and best method of lubrication is by using 
wick cups for all journals and wearing surfaces. 

If sight-feed cups only be fitted, great care is necessary to pre- 
vent a waste of oil when running at cruising speed, as their regu- 
lation is not easily effected. 

Cylinder oil should be used sparingly. If the cylinder walls are 
oiled when cleaned, no oil should be necessary for at least twelve 
hours after starting the engines, and then only a very little should 
be used. 

Question No. 5. — Give a list of parts of steam machinery svhject 
to wear, and state the course to pursue to maintain efficiency, together 
tpith a statement of cases where deterioration is certain and cannot 
he compensated. 

All journals and wearing surfaces are subject to wear, the 
amount depending upon the work done upon them, the lubrication 
of the parte, and the materials of which they are made. 

The shaft and crank-pin bearir(gs are the principal ones sub- 
ject to wearj and when it becomes excessive the shafting is 
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thrown out of line and the clearance in the bottom of the cylinders 
is reduced, perhaps to a dangerous point. To overcome the effects 
of vear, a great many engines are so fitted that the bottom brasses 
of the crank shaft bearings can be vedged or lined up. Liners 
can also be fitted back of fiat brasses of crank-pin journals, so as 
to keep the original length of connecting rods. In other engines 
where the brasses are cylindrical on the outside so that a liner 
cannot well be fitted, it may be necessary to rebabbitt them. 

The different journals of the valve motions being all subject to 
wear, thus changing the action of the valves and the distribution 
of the steam in the cylinders, need to be kept in adjustment by 
means of liners or by lengthening the valve stems. 

The piston packing rings may wear, but their elasticity and the 
pressure of the springs should compensate for any ordinary wear. 

The go-ahead wearing surfaces of the thrust block will show 
weai if not properly proportioned and well lubricated. Adjust- 
ment is usually made by screws or wedges and keys. 

The crosshead gibs can be adjusted for wear by liners and set 
bolts. 

If any wearing surface is cut or at all rough, it should be care- 
fully trued up and smoothed by using files or scrapers. 

The cases where deterioration is certain to occur are in the boil- 
ers and in both steam and water piping, reducing their strength 
by corrosion and erosion, and finally necessitating the reduction of 
steam pressure and causing loss of efficiency in boilers and break- 
ages in piping. 

Wear is also certain in the outboard bearings of the shafts, but 
this can only be remedied while the vessel is in dock. 

Question No. 6. — Give a Kst of the machine and hand tools that are 
carried on board a modem war vessel, with a statement of new and 
repair work that can be performed aboard. (Both the list of tools 
and of work should be given in a general way, not going much into 
detail, the object being to see that Gie candidate knows what work can 
be done on board and what must le done at a shop on shore.) 

On board every modem man-of-war large enough to permit it 
should be carried a gap lathe, planer or shaper, milling machine, 
emery wheels, and a drill press and vises, all fitted in the ma- 
chine shop, a full set of tools being carried for each machine, the 
sizes of the machines being of course governed by the capacity of 
the shop. 
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Portable or electric drills should also be carried. 

A full set of boilermaker'B, blacksmith'B, coppersmith's and car- 
penter's tools should be earned. 

Crucibles to hold from 35 to 100 Iba, of metal should also be 
furnished, as small casting that can be made on board ship are 
often needed. 

Bepair work on board ship is only limited by the facilities there- 
for. Where hand work only is required and no forging nor heat- 
ing is needed, repairs should be made on board, if there is room 
enough to handle the piece. The sizes of the machines carried 
generally limit the machine work that can be done on board, 
though sometimes a small lathe may be pieced out to take in a 
main valre stem or other long light piece. 

Question No. 7. — Oive a Kst of the more important stores ond 
spare parts usuaSy carried on board modem war vessels. 

The most important stores carried by modem ships are coal; 
oil; assorted wrenches to fit around aU parts of the machinery; 
packing for all stuffing boxes and joints; tools to perform all re- 
pairs; material, such as sheet and bar iron and steel of different 
sizes; sheet copper and brass; assorted holts and nuts, both of 
iron and of bronze; grate bars and firing tools; spare Talves for 
pumps, etc.; spare gauges; assorted lot of piping, pipe fittings and 
valves; water gauge glasses; spare oil cups of different sizes; spare 
boiler tubes and tube plugs; white metal for rebabbitting brasses; 
red and white lead; boiled oil; turpentine and dryers; lead wire 
for adjusting bearings; fine wire gauze for joints; fire clay; as- 
sorted sheet gum; hose; hydrometers; thermometers; indicators; 
gauge tester; jacks; solder and spelter; acid; assorted zinc wire; 
steam tube cleaner; charcoal; lye; waste; soap; sal soda. 

The spare parts carried depend on the size of vessel (regarding 
stowage room) and upon the engines. If the ship has duplicate 
twin-screw engines with crank shafts in interchangeable sections, 
a spare section of that shaft should he carried; one eccentric; a 
piston rod and a connecting rod; a couple of valve stems; two 
spare brasses for crank shaft journals and two for crank pins; 
one set of cross-head brasses and gibs; a few spare bolts for all 
parts where of special make, as follower bolts, holding down bolts, 
etc.; a full set of small brasses and gibs for valve gear and all 
auxiliary pumps ; a couple of eccentric straps ; and a set of spare 
telescopic oil cups. 
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All spare parts should have been previously fitted in place, so 
as to make sure that they fit. 

Question No. 8. — Mfhai inspection and tests should he used in se- 
lecting coal, oil, and ru^erf 

In the inspection of anthracite coal, the amount of elate is esti- 
mated by gathering up a pile of it found in the top of a car load 
of coal. If much be found the coal should be rejected. The 
coal should be clear of slack, have bright surfaces, no signs of 
bone (dark lustreless seams through the piece) nor of curly coal 
(curly coal shows curved or irregular lines). 

The beet way of testing coal is to bum some of it in a furnace, 
noting how it bums, whether or not it breaks up in burning, and 
how much clinker and ash are left. 

Bituminous coal should have a fair percentage of lumps, and 
should not be so dry that the dust flies readily, thereby showing 
that it has been mined for some time and has consequently lost 
part of its steam-making qualities. There should be no signs of 
sulphur in the lumps. 

Rubber of good qualify will return to its original aize after being 
stretched. If with cloth insertion, the cloth must be first re- 
moved. If pure gum be lighted, the rubber will boQ and drop, 
like sealing wax, and will bum, leaving little or no ash; but if it 
be adulterated with clay and other ingredients, a heavy ash will 
be left. The interior layers of sheet rubber are generally the 
poorest in quality and should be the ones tested. The cloth 
should also be examined to see if it is of fair quality. 

For tests of oils, the following printed specifications of the Bu- 
reau of Supplies and Accounts give all necessary information: 

Spbcipications Issued by the Bureao of Supplies and Ac- 
counts, Navy Department, Apeil, 1899. 

Oils. 

Linseed Oil, Boiled. — ^Must be absolutely pnre kettle-boiled 
oil of the best quality, and the film left after flowing the oil over 
glass and allowing it to drain in a vertical position must dry en- 
tirely free of tackiness in 60 hours at a temperature of 70° F. 
To be purchased and inspected by weight. 

Linseed Oil, Raw. — Must be absolutely pure, well-settled oil, 
of the best quality; must be perfectly clear, and not show a loss 



izedbyGoOglC 



Notes on Steau Engineebinq 39 

of over 2 per cent when heated to 212° F., nor show any deposit 
after being heated to that temperature. The specific gravity 
must be between 0.933 and 0.937 at 60" F. To be purchased and 
inspected by weight. 

Ctlindek Oil. — Must be a pure, mineral, hydrocarbon oil, with 
a flash point of at least 550° F.; burning point to be above 600° F.; 
to be free from tarry or suspended matter, acid, or alkali, and 
from mixture or adulteration with animal, vegetable, or fish oils, 
grease, lard, or tallow. Specific gravity to be not below 0.900 nor 
above 0.906 at a temperature of 60° F. To be purchased and in- 
spected by weight. 

A flash point below 550° F., or the presence of any of the above- 
named adulterations or mixtures, or a specific gravity different 
from that specified, will be sufficient to cause the rejection of the 
oil. 

Test of Cylinder Oil. 

1. Flashing point. — Heat a small quantity of the oil in an open 
vessel, not less than 12° per minute, and apply the test flame 
every 10°, beginning at 850° F. 

S. Precipitation test for tarry and suspended matter. — ^Mix 5 
cubic centimeters of oil with 95 cubic centimeters of 88° gasoline, 
and if there is any precipitation in ten minutes the oil must be 
rejected. This test is easiest made by putting 5 cubic centimeters 
of oil in a 100 cubic centimeter graduate, then filling to the mark 
with gasoline and thoroughly shaking, 

3. Volatility.— Kept heated to 400° P., in an open vessel, it 
mnst not lose more than 5 per cent of its weight in two hours. 

4. To test for acid or alkali. — It will be sufficient to wash a small 
quantity of the oil with distilled water, then drain off the water 
and test it with litmus paper. 

Labd Oil. — Must be of the best quality and made from fresh 
lard. To be purchased and inspected by weight. 
Oil will not be accepted which — 

I. Contains admixture of any other oil. 

II. Contains more acidity than the equivalent of 3 per cent of 
oleic acid. 

III. Shows a cold test above 43° F. 

IV. Shows coloration when tested with nitrate of silver, as 
described below. 

V. A half pint of the oil placed in an ordinary hand lamp with- 
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out a chimney must bum with a clear, bright flame till 90 per cent 
of the oil has been consumed; the lamp to be placed where it will 
not be affected by draft or air currentB, and the wick not be 
touched during the trial. 

1. Test of lard oil. — The cold test of oil is determined as follows: 
A couple of ounces of oil is put in a 4-ouiice sample bottle, and a 
thermometer placed in it. The oil is then frozen, a freezing mix- 
ture of ice and salt being used if necessary. When the oU has 
become hard, the bottle is removed from the freezing mixture and 
the frozen oil allowed to soften, being stirred and thoroughly 
mixed at the same time by means of the thermometer until the 
mass will run from one end of the bottle to the other. The read- 
ing of the thermometer, when this is the case, is regarded as the 
cold test of the oil. 

2. The nitrate of silver t^t is as follows: Have ready a- solu- 
tion of nitrate of silver in alcohol and ether, made on the follow- 
ing formula: 

Nitrate of silver 1 gram. 

Alcohol 300 grams. 

Ether 40 grams. 

After the ingredients are mixed and dissolved allow the sola- 
tion to stand in the sun or in diffused light until it has become 
perfectly clear; it is then ready for use, and should be kept in a 
dim place and tightly corked. 

Into a 50-cubic centimeter test tube put 10 cubic centime- 
ters of the oil to be tested (which should have been previously 
filtered through washed filtered paper) and 5 cubic centimeters of 
the above solution ; shake thoroughly and heat in a vessel of boil- 
ing water fifteen minutes, with occasional shaking. Satisfactory 
oil shows no change of color under this test. 

3. For the burning test, an ordinary tin hand lamp to conform 
to the following description will be used: 

Diameter of lamp at base 3-1/8 Inches; height of cylindrical 
portion 2-1/4 inches; height of top of burner from bottom of 
lamp 2-7/8 inches. 

The burner will consist of two conical tubes placed side by 
side, each 1-1/2 inches in length, 15/64 inch inside diameter at 
top and 11/32 inch inside diameter at bottom. The wick will 
consist of a sufficient number of threads of ordinary cotton lamp 
wicking, in each tube, to make a properly fitting wick for lard oiL 
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LuBKiCATiNO Oil poh Cutting Tools. — Must be of the beet 
quality, and pass eatisfaetorily the following tests, to be made 
with instruments belonging to the government, in the navy yard: 

1. As a lubricant. — On an oil-testing machine at least 50,000 
foot-pounds of work must be performed per minute per troy grain 
of oil used. The pressure on the bearing must not be lees than 
250 pounds per square inch of projected area, and the tempera- 
ture of the rubbing surfaces at the end of two hours must not 
exceed lfiO° F. The surfaces to be a polished steel mandrel run- 
ning in standard brass bearingH. 

3. Specific gravity.- — Must not be less than 0.9000 at a tempera- 
ture of 60° F. To be purchased and inspected by weight. 

3. Flashing point. —Must not be below 400° F. 

4. Freedom from gumming. — Just sufiBcient oil to cover the bot- 
tom thereof will be placed in a shallow dish; this will he heated to 
about 250° F., and then cooled slowly. When cold, there must be 
no gummy residue found in the oil or on the vesseL 

A common oil cup holding about two ounces will be filled 'with 
the oil; two threads of worsted will he used as a wick, and all 
the oil in the cup must feed through it; the wick not to be touched 
during the trial. This test to be made at a temperature between 
70° and 90° F. 

5. Cold test. — The oil must not solidify at a temperature of 
32° F. 

6. Freedmn from acid. — A small quantity of oil rubbed on pol- 
ished brass or copper must not turn the surface of the metal 
green if allowed to stand for twenty-four hours. 

Sfbbh Oil. — Must be pure, winter-strained, bleached sperm oil, 
free from mixture or adulteration with animal, vegetable, or fish 
oil, grease, lard, or tallow. To be purchased and inspected by 
weight. 

LuBEiOATiNG Oil fob Expandeb Ctlindbb of Dbnbb Am Iob 
Machine. — Must be of the best quality, free from adulteration, 
and pass satisfactorily the following tests, to be made with instru- 
ments belonging to the government, in the navy yard. 

1. As a Ivhricant. — On an oil-testing machine at least 50,000 
foot-pounds of work must be performed per minute per troy grain 
of oil used. The pressure on the bearing must not be less than 
250 pounds per square inch of projected area, and the temperature 
of the rubbing surfaces at the end of two hours must not exceed 
150° F. The surfaces to be a polished steel mandrel running in 
standard brass bearings. < 
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3, Specific gravity. — Must be between 0,8974 and 0.8917 at a 
temperature of 60° F. To be purcbaaed and inspected by weight. 

3. Flash potn(.— Must be above 390° F. 

4. Freedom from gumming. — Just sufficient oil to cover the bot- 
tom will be placed in a shallow diah; this will be heated to about 
250° F., then cooled slowly. When cold, there must be no gummy 
residue found in the oil or on the veaeel. 

A common oil cup holding about two ounces will be filled with 
the oil ; two threads of worsted will be used as a wick, and all the 
oil in the cup must feed through it; the wick not to be touched 
during the trial. This test to be made at a temperature between 
TO° and 90° F. 

5. Oold test. — The oil must remain liquid at a temperature of 
7° F. 

6. Freedom from acid. — Must be free from all traces of acid. A 
small quantity of oil rubbed on polished brass or copper must not 
turn the surface of the metal green if allowed to stand for twenty- 
four hours. 

Whale Oil. — Must be best grade of bleached winter-strained 

oil, free from adulterations with other oils. 

1, Tested with litmus paper, it must show no trace of acid, 

3. It will begin to become torpid at from 35° to 48° F., and 

cease to flow at from 17° to 18°F, 

3. Specific gravity at 60° F., from 0.9151 to 0.9174. To be 
purchased and inspected by weight. 

4. Oil must be accompanied by a guarantee from the manufac- 
turer that it is pnre whale oil. 

Inspection and Delivery of Oil. 

1. Before acceptance, the oil will be inspected; samples of each 
lot will be taken at random, the samples well mixed together in 
a clean vessel, and the sample for test taken from this mixture. 
Should the mixture be found to contain any impurities or adul- 
terations, the whole delivery of oil it represents will be rejected, 
and is to be removed by the contractor at his own expense. 

3. The quantity delivered to be determined by weight — the 
number of pounds per gallon to be determined by the specific 
gravity of the oil at 60° F. multiplied by 8.33 pounds, the weight 
of a gallon (331 cubic inches) of distilled water at the same tem- 
perature, 

3, To be delivered in strong, tight, well-made, white-oak casks, 
hooped with iron, each having a capacity not exceeding 50 gallons; 
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4, Or, in new shipping cans, to average not leas than 2-1/2 
pounds each in -weight, made of " I. C." bright tin, the black plate 
properly coated. The capacity of the cans to be not Icbb than 
5-3/16 gallons, but not more than 5 gallons of oil to each can to 
be paid for. The cans to be well made, with a top handle, and to 
have on top near one comer a 1-1/2-inch closed screw cap, bo 
packed as to prevent leakage when screwed tight. CanB to be 
packed in wooden caees, two cans to a case, cases to be made of 
7/8-inch new pine thronghout, dressed on ontside, with tight 
cover, of such size as to take the cans fitting closely. The space 
between the cans, if any, to be filled by inserting a loose piece of 
wood, full width and height of can. A strip of wood of proper 
thicknesB to be inserted between the cans and cover of case, to 
protect the screw caps. Cans and cases to be made in the best 
workmanlike manner. 

Note. — TJ, S. Navy Regulations Circular No. 131 requires — 

1. Deliveries of oil may be made in lota of not less than 5000 
gallons, with the exception that the final delivery may he a less 
quantity, but the whole quantity must he delivered within the 
time specified by the contract. 

3. Each delivery will be considered a lot by itself; and each lot 
will he inspected and accepted or rejected, as it passes, or fails to 
pass, the test required. 

3. Upon the rejection of any lot of oil delivered, no second test 
nor any second delivery in place of the lot rejected will be per- 
mitted, but the quantity rejected will at once be purchased in 
open market for the contractor's account. 

General Note. — In making requisitions for oils, the above 
specifications should be referred to " as per Official Specifications 
of April, 1899." 

Subject No. 3. — Sittiea of an En^eer on Shore at a Navy Tard 
or aa an Inspector of llaohinery building by Contract. 

Question No. 1. — Deacriie a general survey of the machinery of a 
ship returned for refitting at the end of a cruise, and state what parts 
would require most careful examination and what work would gener- 
ally be done to put the machinery in thoroughly good condition. 

In making a general survey of a ship that is to be refitted after 
long service, all parts should be examined, especially the align- 



.,:AAK")t^le 



44 Notes on Steau Enqineebinq 

meut of the Bhofting and the condition of all its joumale and 
bearingB; the alignment, tmeneaa of bore, and the condition of 
the cylinders, valve aeate, or of the bore of the valve chests; con- 
dition of pistons and valves; condition and alignment of slides or 
guides; and of croBS-head gibs and joomals; the condition of 
eccentrics and valve motions, and of the holding down bolts of 
engine. 

The boilers should be tested by hydrostatic pressure for leaks, 
and should then be uncovered and given a hammer test for de- 
terioration of plates, braces, etc. All parts most liable to corro- 
sion by pitting or grooving, such as near water line, and around 
the feed orifice, where no interior feed pipes are fitted, should be 
thoroughly inspected. The boiler valves, saddles and holding- 
down bolts should be carefully examined. 

The steam and water piping should be tested by hydrostatic 
pressure and all valves should be tested for tightness. Worn out 
piping and valves should be renewed. 

The condensers should be tested for tightness and examined for 
cleanliness. All auxiliary machinery should be thoroughly over- 
hauled. 

As a general thing, besides the work indicated above, new 
brasses should he fitted or the old ones rebabbitted, new packing 
rings and springs should be put in pistons, and the pistons and 
followers should be faced off. 

All outboard valves, the screws, shafts, and the exterior shaft 
bearings and fastenings, should he examined and put in perfect 
order. 

Quesiion No. 2. — State how estimates of time and cost are made in 
case of repair work. (The hoard wUl give a statement of ike char- 
acter and amount of repairs required.) 

Estimates of time and cost of repair work are made hy seeing 
exactly what repairs are needed, what new work is necessary and 
what old work must be removed. 

The time is estimated by knowing what one man can do of 
each class of work necessary in one day, and by estimating how 
many men can work to advantage on the job. The facilities for 
carrying on this work, as space to work in, distance from shop, 
etc., must be considered. 

The cost is calculated from the number of men employed, their 
pay per day and the number of days* work necessary, tlds giving 
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the cost of labor, which cost is combined with that of material 
required, as estimated or calculated from the weight needed and 
its cost per pound. 

On boards of survey each item is separately estimated for as 
follows : 
New pair of crank shaft brasses. 

Time required working days. 

Cost of labor $ 

Cost of material $ 

Total cost $ 

Question No. S. — Name ths tools and appliances generally fitted 
in a modern plant for the building and repair of marine machinery 
of large size, giving some idea of the size of the various tools, cranes, 
etc. 

A modem plan for building and repairing marine machinoTy 
should have in the machine shop planers of various sizes up to 15- 
foot gap and 20-foot stroke; lathes of various sizes up to 5-foot 
swing and to take in a 50-foot shaft; gap lathe to take a piece of 
machinery 18 feet in diameter; screw-cutting lathee of various 
sizes; boring mills, vertical and horizontal, to bore out cylinders 
llTiLDches in diameter uid 8 feet in length; slotting machines of 
various sizes, the largest to have a gap of 6 feet and able to take 
a cut of 1/8 inch by 1 inch; shaping machines, the largest being 
able to cut 1/8 inch by 3/4 inch; radial drill presses up to one 
having a radius of 8 feet and for drilling up to 5-inch holes; bolt 
and screw machines; gear-cutting machines; pipe-cutting ma- 
chines and threading machines; milling machines; emery grind- 
ing machine to take in all shaftings, etc., for any vessel; and 
emery buffing machines. Portable drills are also used, having 
capacity up to 1-1/S-ineh diameter holes. 

Vise benches should be fitted all round the walls. Large tools 
should be grouped in a separate part of shop from the small ones. 

There should be provided overhead power or electrical travelling 
cranes of 30 tons capacity, able to carry work to any part of the 
shop, and also car tracks for moving parts of machinery to differ- 
ent parts of the shop on smaU cars. 

The erecting shop should have good erecting bed plates on a 
solid foimdation, an overhead crane of 25 tons capacity, vise 
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benches around walls, and one or two sniall lathes, planers and 
drill presses. 

The boiler shop should have an hydraulic flanging machine cap- 
able of flanging 3-ineh steel plate; an hydraulic riveter capable of 
driving 2-ineh steel rivets; shears capable of cutting S-inch plate; 
steel angle iron shears; punches capable of punching a 3-incli hole 
through a 2-ineh plate of steel; plate planers capable of taking a 
plate 30 feet long and planing the edges of S-inch plates, cutting 
1 inch by 1/8 inch; flange fires capable of heating a plate IS feet 
in length and 6 feet wide; drill preases with six independent and 
movable drill heads for drilling boiler sheila, etc.; radial drills 
with working radius of 9 feet for drilling tube sheets; vertical and 
horizontal rolls capable of bending cold steel plate 2 inches thick 
and 10 feet wide; portable drills, rivet forges, etc., and blowers for 
forges; and electrical drills for use in various parts of boilers not 
easily accessible for other power drills. 

There should he an overhead travelling crane capable of lift- 
ing and travelling with a weight of 90 tons, and also an annealing 
furnace, capable of taking a plate 18 feet wide by 30 feet long, 
with straightening bed plates of same size. 

The foundry should contain cupola furnaces having a total ca- 
pacity of 20 tons, and air furnaces with 10 tons capacity, besides 
crucible ovens, etc., and drying ovens of 20 feet diameter. There 
should be an overhead travelling crane of 30 tons capacity able 
to reach any part of the shop. 

There should be a forge shop, containing heating furnaces and 
steam hammers or hydraulic presses capable of forging down an 
ingot of steel 50-ineh by 50-ineh section for shaft work; also 
smaller hammers or presses and small forges for hand work. 

The coppersmith shop should have rolls to take in sheets 10 
feet long and to roll 5 inches in diameter; small hydraulic presses 
for bending pipes; shears; fires for brazing and for annealing; 
baths for cleaning piping and for tinning the same; and testing 
machines for {piping and condenser tubes. 

The pattern shop should he fitted with various sizes of wood 
planers; lathes; saws, both circular and band; mortising ma- 
chines; benches, etc. 

Question No. i. — State the amount of work that can reasonably be 
expected during a working day of eight hours on any one of the follow- 
ing kinds of work: — (a) turning plain shafting; (b) boring large 
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engine cylinder; (c) plain work in an hydranlic flanging machine 
(thickness of plate to be given); (d) riveting in an hydraulic riveter 
(thickness of plates and diameter of rivets to be given); (e) driUing 
rivet holes in boiler shells (thickness of plates, diameter of holes, and 
kind of drilling machine to he given); (f) planing valve seats on 
large cylinders; (g) drilling and tapping lioles in condenser-tube 
sheets. 

(a). Turning plain shafting. — The new lathe in the New York 
yard will take a cut 1-1/4 inches deep, with a 1/8-inch feed and 
a speed of 12 feet per minute for the cutting tool, which equals 
10,800 cu. ine, per diem. 

The old lathe will cut 3/4 inch deep, with a feed of 1/32 inch 
and a speed of tool of 12 feet per min., which givea 1630 ou, ins. 
per diem. 

The ahove statements apply only to roughing cuts; a second 
cut would be 1/8 inch deep, with feed of 1/32 inch, at 15 feet 
per min., which gives 340 cu. ins. per diem. 

For the finishing cut, use a 1/32-inch feed, with a 1/8-inch feed 
and a tool speed of 15 feet per min., and we get 340 cu. Ins. per 
diem. 

(6). Boring large cylinder, in New York yard. At least three 
tools should be used on the boring head. 

f Ist tool 1/4-in. cut -j 
Houghing out ] 2nd tool 1/8-in. cut [ = 1/2-in. cut with 1/33-in. 
(. 3rd tool 1/8-in. cut ) feed; at least IS ft. per 
min. speed of tools, 
which gives 1080 ou. ins. 
per diem. 
The finishing cut should be taken without stopping, and with a 
1/38-inch feed, 3/8-inch cut, and a speed of 10 feet per min. = 
675 cu. ins. per diem. 

With a good boring mill, a 60-inch diameter cylinder should be 
bored out 16 inches in length in eight hours for a roughing cut, 
and about 32 inches for a finishing cut. 

For above two questions, the kind of material makes a vast 
difference, aa with some hard steel or cast iron only very light 
cuts can be taken without breaking the tools. However, the 
above will be about a fair average for ordinary material. 

(c). The amount of plain work in an hydraulic flanging machine 
depends upon the number of flange fires used in heating the 
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plates, as the machine, (if powerful enough) will flange a thick 
plate just about as quickly as a thin one, and can flange and 
flatten ahout 6 or 7 feet at a heat, taking about 5 or 6 minutes to 
do it, after which the plate is too cool to work. 

If the fire be properly maintained, a 3/4-inch plate can be heated 
in 30 minutes, and it would therefore take about foiir flange fires 
to keep the flanging machine at work. A thicker plate than 3/4 
inch will require more time and therefore more fires to keep the 
machine working. 

If everything be well arranged the plate should be put in the 
machine, have about 6 feet of flanging done, and the plate re- 
moved in 10 minutes, or say 50 feet per hour for straight work. 

(d). An hydraulic riveter is said to have driven 1935 7/8-inch 
rivets in 8-1/2 hours— this, of course, is exceptional and was for 
perfectly straight work. 

In building boilers for the Cincinnati the hydraulic riveter drove 
319 1-1/4-inch rivets in one hour and forty minutes, or at the 
rate of 1051 rivets for 8 hours. This was on a straight circum- 
ferential seam previously tacked down. 

The amount of ordinary work that should he done in 8 hours 
U about 700 or ,800 rivets. The size of the nvets has little to do 
with the number, provided the machine he powerful enough to do 
the work, otherwise two or three strokes may be necessary on each 
rivet, 

(«). A Dallet drill used in drilling shells of boilers for the Cin- 
cinnati drilled a 1-5/16-inch hole through 2-3/8 inches of mild 
steel in 7-3/3 minutes; and the time used in shifting the drill to 
the next hole was 2/3 of a minute; say 9 minutes per hole, which 
is at the rate of 53 holes per diem. 

if). In planing the valve seats of a lai^e cylinder, lighter cuts 
would have to be taken than on ordinary straight work (where 
about 6 feet square would he finished per diem) in order not to 
run the risk of breaking the edges of the bridges between ports; 
say about 4 feet square, or from 16 square feet to SO square feet 
of surface per diem, including roughing and finishing cuts, but 
not the setting of the cylinder. 

(g). At the Columbian Iron Works the drilling is done by ma- 
chine and the tapping out by hand, the Mnount of work done 
being 60 holes per diem in a 1-inch thick condenser-tube plate. 
At the South Brooklyn Steam Engine Works, where a speci^ty is 
made of baUding condensers, they core out the holes when the 
plate is cast, then ream and tap 500 holes per diem. 
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Question No. 5. — Give a general idea of the method of eondacting 
the evaporative test of a steam ioilerj stating the special precautions 
necessary to ensure accurate results. 

The following blank forms of the Bureau of Steam Engineer- 
ing (Noa. 104 — 1-3-3-4-5-6) give- all the information neceaaary in 
regard to the evapoTatire tests of steam boilers. 



Made by 

ot boUer, »t ■ 

to detenuine 



Principal ctmditiona governing test.. 



S. E. Form No. UM-i 
DE8CEIPTI0N AND DIMENBIONS OF BOILER AND 
APPDKTENAMCES. 

Type ol boiler 

Diameter ot sbell, ; top drum ; bottom drum 

Length of shell ; top drum ; bottom drunt 

Tubes, number ; diameter, outside, . . . . ; len^h, . . . . ; thickness, . . 

Furnace, kind of, 

Furnace, len^fth ; width, ; height, 

Ghrate surface, length ; width ; area, 

Heating surface, area, ; ratio to grate 

Fer cent water heating surface,..; per cent superbeating surface,.. 

Grate bars, kind, , 

Orate bars, width of air spaces,....; ratio of grate to air space,... 

fimoke pipe, area, ; height, ; ratio to grate, 

Water apace, ; steam space, 

Weight ot boiler and all fittings except uptakes and smoke pipe: 

Without water, 

Water 

Total with water 

Total weight per square foot of grate surface, 

Total weight per square foot of heating surface. 

Blower engines, kind ; Dimensions of cylinders, x x 

Blower fan, kind, ; diameter ; width, 
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Area of blower inlet ; outlet 

Feed heater, kind, 

Feed heater, area of surface 

Economizer, kind 

Area of surface, 

Air heat«r, kind, 

Area of surface 

Feed pumps, kind, ; dimensions of cylinders, 

Other boiler appurtenances, 



a Method of weighing water.. 



b Uethod of weighing fuel.. 



a Method of determining the amount of moisture in steam. 

Kind of calorimeter used 

Distance of calorimeter from boiler 

Size, shape, and description of sampling nozzle 



d Method of taking temperature of and of sampling flue gases.. 



e Condition of boiler before and after test. . 



mniBEB OF TEST 

1. Date of test 

2. Duration of test hre. 
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3. Kind of fuel 

4. £ind of start 

5. State of weather.. 



6. Barometer ine. . 

7. Steam pressure by gauge Ibe. . 

8. Force of draft at base of pipe. .ins. of water, . 

9. Force of draft in furnace do 

10. Force of draft in ash pit do 

11. Bevolutions of blower 



AVERAGE TEHPEBATUBEB. 

la. External air degrees P. . 

13. Fire room do 

14. Steam do 

15. Feed water entering heater do 

16. Feed water entering economizer do 

17. Peed water entering boiler do 

18. Air. entering ash pit do 

19. Escaping gases from boiler do 

SO. Escaping gases from economizer do 

21. Kind of 

22. Weight of wood used in lighting fires lbs. , 

23. Weight of coal as fired* lbs. . 

24. Moisture in coal per cent. . 

2G. Weight of Arj coal consumed lbs. . 

26. Weight of ash and refuse lbs. . 

27. Weight of combustible consumed lbs. . 

28. Per cent of refuse in dry coal 

FUSL PBB HOVB. 

29. Coal consumed per hour lbs. . 

30. T>Tj coal consumed per hour Iba. . 

31. Combustible consumed per hour Iba. . 

32. Coal consumed per hour per sq. ft. O. S...lbs. . 

33. Dry coal consumed per hour per sq. ft. 



..lbs 

R. B. Form No. li 



HUHBBB OF TKST 

35. Coal per hour per sq. ft. H. S lbs 

36. Dry coal per hour per sq. ft. H. 8 lbs 

37. Combustible per hour per sq. ft. H. S lbs 

■ IncludlDgr equivalent of wood used la llKlitlDg- fires. 



.,:A.(.H")^IC 



62 N'oiEB ON Steak ENOiNBBBiN'a 

QUAUTX OF BTEAH. 

3S. Per cent of moiature in Hteam 

39. Degrees of snperlieatiiig 

40. Qnalit7 of eteam (dr^ Bteam = 100) 

WATSa. 

U. Total weight of water fed to boiler*. ...lbs. .... 

42. Water actually eTaporated, corrected for 

quality of steam (40 by 41) Iba 

43. Factor of eTaporstion 

44. Equivalent water eTaporated into dry 

steam from and at 212° (42 by 43) lbs 



46. Water evaporated per hour, corrected for 

quality of steam lbs 

48, Equivalent evaporation from and at 212* 

47. Equivalent evaporation from and at 212° 

per Bq. ft. G. B lbs 

48. Same per sq. ft. of heating surface lbs 

Boonoiao Bxsnx.TiB. 

40, Water apparently evaporated under ac- 
tual conditions per lb. of coal as fired 
(41 -=-23) lbs 

60. Apparent equivalent evaporation from 
and at 212° per lb. of coal (including 
moiBtnre) 44 -i- 23 IbB 

51. EquiTalent evaporation from and at £12° 

per lb. of dry coal (44 -i- 25) lbs 

63. Equivalent evaporation from and at 212° 

per lb. ot combustible (44 -r- 27) lbs 

EFFIUIENOT. 

58. EfBciency of boiler; heat absorbed by the 
boiler per lb. of combustible divided by 
the heat value of one lb. of combus- 
tible. (See Sheet No. 6) 

54. Efficiency of boiler, including grate; heat 
absorbed by the boiler per lb. of dry 
coal, divided by the heat value of one 
lb. of dry coaL (See Sheet No. 6) 

BBMARga AND OBSBBVATIONS. 

BS. Principal data taken every 

06. Percentage of smoke as observed 

* Coireoted for Inequality of water level and steam prsssuie at bsilnnliiff and end 
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57. Uethod of obsernng' same 

58. Kind of ftringr (spreading, alternate, or 

coWngr) 

59. ATerage thickness of Area 

60. Average intervals between firings for 

each furnace during time fires were in 

normal condition 

61. Average interval between times of break- 

ing np 

63. EfBoiencj of firemen; expert, average, 

or poor 

B.B.ForinNo.lOi4. 
TUmj AND OAS ANALYSES. 

PBOZniATX AKALY8IS OT rUKL. 

CoaL Combustible 
Per cent. Per oent 

Fixed carbon 

Volatile matter 

HoiBtnr« 

Ash 

Total 100 00 100 00 

Sulphur separately determined 
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Coal. CombDBtlble 
PerooDt. Pereeob 



Carbon (C) 

Hydrogen (H) 

Oxygen (O) 

Nitrogen (N) 

Sulphur (8) „ 

Ash 

100 00 100 00 
MolBtnre in eample of fuel as received 

ANALTBia OT ABU AND BBFUBZ. 

Pet cent. 

Carbon 

Earthy matter 

OAi/>Bino VALVX or Tuiau 

Kind of calorimeter used, 

Calorific value by calorimeter, per pound of dry coal, B. T. V. 

Calorific value by calorimeter, per pound of combustible,.... do. 

Calorific value by aaalyeis, per pound of dry coal, do. 

Calorific value by aualyeis, per pound of comboatible, do. 



DigiMzedbyGoOglC 



Notes on Steak Engineering 



CarboD dioxide (CO,) 

Oxygen (0) 

Carlton monoxide (CO) 

Hydrogen and hydrocarbons . . 
Nitrogen (N) (1^ difference) . 



ANALT81S OF DET OASK8. 

Peroeot. 



100 00 



Question No. 6. — State the preparations Quit would le made for a 
fuU power trial of the machinery of a modern war vessel, including a 
list of stores and instruments thai should ie furnished. 

In preparing for a full power trial of the machinery of a veaBel, 
the boilers should be examined and seen to be perfectly clean, the 
valves and gauges all right, the safety valve gear working prop- 
erly, the tubes, connections and furnaces clean, the grate bars 
in good order, the boiler plates properly put on and the boilers 
filled with fresh water up to the steaming level. The blowers, 
and, in case of closed ash pit forced draft, the air ducts, must be 
in perfect order, and, for closed fire rooms, the air locks and doors 
must be all right, and it must be determined by actual test that 
the required air pressure can be maintained. 

In the engines, the following parts should be examined and put 
in best condition; viz.: the cyliuders, pistons and packing; the 
cylinder relief and drain valves; the main valves; the packing in 
all stuflSng boxes; the oil cups, pipes and oil ways; the water pipes 
to journals and bearings clear and clean; the condensers tight 
and clean; the air, circulating and feed pumps and all other aux- 
iliary machinery in proper condition. 

If steam be on the auxiliary boiler, all pumps, etc., should be 
tested. See that alTbonnets, etc., are in place, and that the joints 
are properly made. See that all brasses are properly adjusted, 
setting them up by using lead wire. 

There should be some spare parts of small pieces of machinery 
on board in case of any mishap, which might thus be readily 
remedied without returning to port; also some of the usual stores 
carried at sea. A complete set of wrenches should be placed 
where they can be readily foimd. 

Care should be taken that the coal and oil are of the best 
quality. 

The coal should be carefully weighed into the separate bunkers 
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that are moBt accessible from the fire rooms, and should he kept 
there for the actual trial, bo that the total amount used may he 
readily determined. Also see that the coal to be used on the 
trial is stowed so that, if poBsible, only one bunker need be opened 
to each fire room during the trial. 

The stores and tools likely to be needed in the fire rooms should 
be placed in each fire room ; the lubricating and cylinder oil should 
be pnt in cans distinctly marked, so that no mistake can be made 
in their use, 

AU indicators and motions should be pnt in order, and canvae 
shields should be rigged to protect them from water. 

The engineers should have their stations and duties clearly 
mapped out beforehand, and should have blanks ready for record- 
tug data. 

The machinists, firemen, etc., should he properly stationed and 
well drilled in their duties before the trial takes place, A man 
should be stationed at every important journal and should not be 
allowed to leave it during the trial. 

The following instruments should be provided for use on the 
trial: 

Indicators and fittings; speed indicators, large and for pocket; 
a Weaver speed indicator and fittings; air pressure gauges and 
connections; anemometers; aneroid barometers; thermometers, 
high grade and ordinary; tanks or meter for measuring feed water. 

Question No, 7. — Oive a general idea of the work to be done in 
" iaying up " the machintry of a vessel tliat is to he ptd in ordinary. 

In laying up the machinery of a vessel that is to be put in ordi- 
nary, the bonnets and covers should be taken off the machinery, 
main and auxiliary; all parts should be cleaned; the packing in 
the stuffing boxes around the machinery should be removed; all 
Journals and wearing surfaces should be well cleaned and oiled, 
and then the oil cnps or oil holes and joints of brasses should be 
covered so that no dirt or grit can get into the journal. 

The bright iron or steel work (excepting wearing surfaces) 
should be given a good coat of paint. 

All pipes should be thoroughly drained, and the packing should 
be removed from stuffing-box glands, except in the case of out- 
board valves. 

The boilers should be thoroughly scaled and cleaned inside and 
out, then thoronghly dried inside by putting pans of burning 
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charcoal in the lowest parts of the interiors of the boilere, letting 
the air escape through the highest openings, also by building light 
firea in the furnace flues. When the boilers are completely dry, 
pans of anhydrous lime should be placed in the boilers and all 
plates should be put on, to pievent any damp air from entering. 
The connections and furnace flues should be painted, and the in- 
terior of the fire tubes should he given a thorough coat of heavy 
mineral oU, first seeing that the oil is free from acid. 

The boilers should be inspected occasionally and if the lime 
becomes air slacked it should either be renewed by beating or 
replaced by new lime. 

The working parts of the main and auxiliary machinery should 
be moved twice a week and a lookout kept for any appearance 
of corrosion. 

Question No. 8. — Being assigned to duty as inspector of machin- 
ery, teU tokat special points should be looked after in the inspection 
of any two of tAe following: 

(a). Cylinders; 

(&). Condensers; 

(c). Boilers; 

(d). Shafting; 

(e). Piston and connecting rods and valve sterna; 

(f). Pistons and valves; 

(^). Bed plates; 

(h). PiopeUeis; 

(t). Boiler and condenser tubes; 

(j). Brasa casting generally. 

(it). In addition to the two questiona specified under this head, 
the candidate will be furnished with a blue print of some part of 
the machinery of a naval vessel, and will be required to write 
therefrom such a specification of the same as should be drawn to 
accompany a contract for such a part. 

An inspector of machinery should pay special regard to the 
following points while new machinery is being connected: 

(a). Cylinders. — The metal must be a fine close-grained iron, 
free from blow holes and spongy metal, free from cracks, and not 
too hard to permit a true finishing cut to be taken, which cut 
should leave a perfectly clean surface. In machining, see that 
the proper dimensions, etc., are followed; that all interior parts 
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that are not machiBed but which come in contact with the eteam 
"* ' are properly pickled and cleaned, to get rid of all sand; that no 
InmpB are left on the inner surfaceB of the beads to diminish the 
proper clearance; and that all core plnga and chaplets are per- 
fectly tight. 

(&). Condensers. — See that the metal of the shell and tube 
BheetB is not porous nor spongy; that the joints are properly made 
in bolting or liveting parts together; that the tabes are propeily 
packed and secured from crawling; and that the tubes have been 
properly tested. After the condenser is completed, a hydrostatic 
pressure of 30 pounds per gauge should be first appHed to parts in 
connection with the inside of the tubes or the pressure side, and, 
after taking off the bonnets in the heads, the like pressure should 
be applied on the steam side of the tubes. 

(c). Boilers. — The plates, etc., should be tested according to 
recent specifications. Before being used they should be pickled 
in one part muriatic acid to 17 parts of water and all mill scale 
removed, after which the acid should be thoroughly washed off 
with fresh or lime water. The plates should planed to size, not 
sheared; plates should be rolled before the holes are drilled, and 
punching should not be allowed; the joints of plates, straps, and 
of the different counes should be carefully fitted before the rivet 
holes are drilled. 

After the holes are drilled, all parts should be taken apart to 
allow the burrs to be cleaned off around the holes, and when that 
is done they should be put together again so that the boles will 
come fair. 

In riveting, the rivets should be well driven, without cracking 
the heads, the seam being riveted, being first tacked together at 
different points before driving rest of rivets. 

In flanging, the plates should not be heated too much, nor 
should they be worked when too cool or near a black heat. 

See that no cracks are developed in the flanged parts. When 
all fianging is done and the sheet is pretty well fitted to place, it 
should be annealed and then straightened and allowed to cool 
slowly, after which it should not be worked, except perhaps for 
some very slight fitting. 

The use of dutchmen in fitting of sheets should never be permit- 
ted. 

All seams and rivets should be caulked from inside the boiler 
where possible. Front and back tube sheets should be placed 
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parallel to each other. All holes for screw stays from the boiler 
shell should be drilled after the furnaces are in place ; others can 
be carefully laid out and drilled a little smaller in diameter than 
when finished, and can be reamed to full size and tapped after- 
wards. 

(d). Shafting. — The material is nowadays usually steel, and for 
the tests made to determine the quaUty thereof see recent speci- 
fications. 

While the machine work is being done, care must be taken to 
see that no defects in the material are developed and then covered 
up by peaning or other methods; that all parts are machined to 
the required dimensions, especially if it be a built-up crank shaft, 
where the pins and parts of the shafts fitting into the crank webs 
must be just large enough to allow the webs to be shrunk tightly 
on, but not large enough to cause too much stress on the webs 
when cooUng — about 1/100 inch being the usual practice. The 
axes of the pins and shaft must be exactly parallel to one another, 
and all journals and pins should be trued by an emery grinder. 

(e). Piston and connecting rods and valve stems. — These are 
usually forged of steel (for requirements of material see recent 
specification). While being machined, care must be taken to see 
that no defects are developed and then covered up. 

The piston rods and valve stems must be turned and made as 
true SM possible, and must then be polished. They must be ma- 
chined to the size given by the drawing. 

(f). Pistons and valves. — The pistons are often made of cast 
steel, and the valves of cast iron, as steel castings are very apt to 
contain more or less sand and grit that cannot be machined out 
of the piece. 

The castings, if of steel, should be inspected according to the 
latest specifications. 

While being machined, a lookout must be kept for the develop- 
ment of shrinkage cracks, blow holes, etc., which are very apt to 
be found in all steel coatings. It is always a question whether, if 
another cut were taken, a large blow hole might not be exposed, 
so it is well to try a hammer test after the machining is finished, 
except of course on working surfaces. 

If the pistons and valves be of cast iron, the material should 
be of a tough nature, but not very hard, especially for the valves. 

The castings should be free from shrinkage cracks and blow 
holes, and should be good clean castings. 
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{g). Bed plates. — If the bed plates be of cast steel, the remarks 
in " / " on pistoiiB apply. If of cast iron, good tough metal (like 
old gimB or machinery scrap) should be used and the castings 
ehould be inspected for cracks, blow holes, sponginess, etc. 

(ft). Propellers. — The propellers are generally built up, that is 
the hubs and blades ate cast separately, and, for naval vessels, are 
made of composition. The usual metal used now in our navy is 
manganese bronze. A mixture of 50 copper, 45 zinc and 5 ferro- 
manganese gives a very good hard metal. The blades should be 
made of a tough metal so that they will bend rather than break. 

In turning np the hubs, center lines should be cut around the 
center and also struck in parallel to the axis, through the centers 
of the Beatings for the blades. The hubs mirat be accurately 
bored for the shaft, and the key-ways must be cut. The seatings 
for the blades must be accurately turned. There should &e no flaws 
in either hub or blades. 

In regard to the blades, they should be properly secured at the 
proper pit«h, the edges sharpened, and all the surfaces, front and 
back, smoothed and polished. 

(i). Boiler and condenser ttibes. — For the material and test of 
steel boiler tubes see recent specifications. The tests of iron 
boiler tubes are about the same. All steel or iron tubes shonld 
be pickled in a bath of one part muriatic acid to 17 of water, in 
order to get rid of all mill scale that is rolled in on the surfaces. 

For condenser tubes, each tube should be tested to 500 pounds 
pressure internally, and, if tinned, the coating of tin must be con- 
tinuous throughout the length of the tube, A piece of the sample 
tub^ chosen should be Battened out after being laid open in a 
sheet and then bent to see that the metal is fairly tough and not 
brittle. 

(j). Brass castings genirally. — Should be made of navy bronze 
88 C — 10 Z — S T. If the casting requires strength, when old 
scrap is used it should be toned up by the use of new copper. 

If the casting is for a Bearing and a hard metal is required, 80 
C and 30 T gives a good metal that will not show wear easily. 

A lookout should be kept that the castings do not have any 
shrinkage cracks or blow holes and are not spongy. 

(ifc). Writing specifications. — The drawings (marked ) of 

the parts for which the specifications are drawn, shonld be incor- 
porated and tnade part of the specifications, which saves stating aU 
dimensions except the principal ones; the kind and quality of 
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material mtist be epeci&ed and the tests to which it shotild be Bub- 
jected. AIbo it should be stated that all workmanship must be 
of the best quality and how parts are to be fitted. 

Bead the Bpecificationa for any of the new ships in order to 
cultiTate style. 

SabJMt No. 4.— Praotioal Work. 

Question No. 1. Describe the method of moulding any large piece of 
machinery in loam, such as a cylinder, propeller, condenser, etc., from 
a pattern. 

For rrwulding a cylinder in loam from a pattern, see an article in 
the Joamal of the American Society of Naval Engineers, Vol. IV, 
No. 3, which describes the process, excepting that a " dummy " 
may be swept up, instead of having a pattern made for the cylin- 
drical part. 

If we take the case of a propeller blade, a fotmdatioii plate ia 
made of proper dimensionB, covered with a layer of bricks and 
mad, then a roagh outhne of the face of the blade ia built of 
bricks, filled in between with cinders and mud. When the sur- 
face of the bricks corresponds nearly to the surface of the blade, 
a layer of loam 1-inch thick is put on, the blade pattern is oiled, 
seated and rubbed down into the loam, and then the brick work 
is built up around the palm, a layer of loam being applied to the 
pattern, and the bricks being built up against the loam. 

The parting surfaces for the cope are next smoothed off, parting 
sand is applied, the cope is fitted in place, a layer of loam is ap- 
plied to the top of the blade, and the bricks are seated in the loam 
and wedged tight in the cope. The cope covers the top of the 
palm of the blade, but allows for drawbacks fitted for cores, for 
recesses for bolts, and for a recess to lighten the interior of the 
palm. After the cope and drawbacks are finished, they are re- 
moved, their surfaces are smoothed and black washed, as is also 
done to the mould after the blade pattern is removed. 

All parte are then put in the oven and dried, and are then put 
into the pit. The sand is rammed in around the mould, and the 
pouring basin, and runners and gates to the upper edge of tCe 
blade and palm are made. The moiild is then ready for the metal. 

The following description of moulding in loam and casting the 
cylinders for the cruisers Cincinnati and Baleigh at the New York 
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nayy yard is the one referred to above, and is by Commander Geo. 
H. Keamy, U. S. If. It is here reprinted by the courtesy of the 
American Society of Naval Engineers. 

Method of Mottlding in Loah and Casting the Ctlindess 

JOB the Ckuibbrs Cincinnati and Balsioh at the 

Navt Yahd, New Yobk. 



The cylinders and steam chests are in one casting ; the cylinders 
are unjacketed except on the lower or solid head and only the 
H. P. cylinder has a wearing liner. All the steam chests have 
separate cast-iron wearing liners, which were east with the ports 
in them. 

The following description refers to one of the L. P. cylinders : 

Prom the dimensions given on the drawings a foundation or 
bottom plate was cast in open sand, of such size as to cover the 
projected area of the cylinder, steam chest, etc., and to allow for 
an eight or twelve-inch wall arovind them. 

This plate has lugs and staples by which to bind the mould to- 
gether and to lift it, and openings through the plate to allow for 
venting and securing the main cores. 

It was east three inches thick to give sufficient strength and 
rigidity, as it had to support the whole weight of the mould. 

The foundation plate was put in place and leveled, then the 
iron spindle, about three inches in diameter was placed in posi- 
tion, the foot fitting into a socket bolted to the plate, and the top 
secured by an arm and braces from the foundry wall. 

The vertical position of the spindle was verified by a plnmb 
line and then an arm or " wing " was bolted to the spindle for 
the purpose of carrying the different " sweeps." 

The foundation plate was covered with a layer of brick, on top 
of which was spread about one-half inch of loam, and a hearing 
swept up for a guide for the outer part of the mould, and for the 
lifting ring to rest on. 

Center lines, at right angles, were laid oat on this seating and 
the ends transferred to the plate by means of the gauge stick 
and a plnmb line and there marked with a chisel for use in case 
of the lines becoming effaced in the seating. 

Seatings to carry the steam chests were next laid out, their 
position being determined by means of the center lines and the 
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" gauge atiok." This gauge stick is notched in the center bo as 
to allow its center to coincide with that of the spindle, from 
which point distances are measured, and on it were laid off with 
the shrinkage rule the different dimensions required. 

Horizontal pipes were laid at the hottom of ^e steam chest 
Beatings, to serve as vents, and the aeatings were built up with 
bricks to the proper height and covered with loam. The bricks 
were laid with fine cinders between them to give a chance for 
the gases to escape while pouring the metal. 

The flange sweep was next attached to the "wing" and the 
main flange of the cylinder swept up to size, as given by the 
gange stick, with floor sand mixed to a consiBtency of mud, hav- 
ing " Bpauls " or chippingB of brick mixed Lu to harden the mass, 
and then swept up with " slurry " or fine loam sand made liquid 
and run through a 1/8-inch mesh sieve. 

A " dummy " weis next bnilt and swept up, corresponding to 
the circular part of the outer surface of the cylinder, extending 
from the fiange to the top of the jacketed head, as shown in 
Pig. 1, which also shows the valve-chest seatings, and the founda- 
tion and lifting plates. 

The " dummy " was built hollow, with one course of brick and 
a Ught plate placed near the top to carry bricks and loam, which 
is swept up to correspond with the outer surface of the solid head. 

This top plate was slotted radially, to allow it to pms the 
spindle, and was small enough to allow its edge to be covered with 
mud to give it a surface. 

The dummy was faced with mud, as the bricks absorb the mois- 
ture quickly, causing It to harden, and then smoothed over with 
fine " slurry." 

The dummy having been completed, the center lines were trans- 
ferred to it by means of the gauge stick and plumb line. 

Great care was taken to have the dummy the right size, as all 
the patterns for steam chests, brackets, cylinder feet, ribs, etc., 
were set up to it. 

A " lifting plate " or ring was next cast in open sand, of suit- 
able shape and size to enclose the dummy and to carry all pro- 
jecting parts of the steam chests, etc. This plate has luge and 
staples to allow of its being Ufted and for binding the parts of 
the mould together. 

The lifting ring was placed on the seating previously swept up 
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for it, and tlie lower part of the pattern for the steam chest was 
placed in position on the Talve-chest seatings, and the loam and 
brick work built up to it, as shown in Fig. 3 ; after which the pat- 
terns for the rest of the steam cheats, nozzles, exhaust passages, 
ribs, cylinder feet, brackets, etc., were laid up to the dummy, their 
position being determined by means of the center line on the 
dummy; thus was produced an eiact shape or pattern of the outer 
surface of the whole cylinder. 



The surfaces of the dummy and of the wooden patterns were 
then oiled to prevent the loam from sticking fast to them, and 
the work of buildiBg up the mould proper was begun. 

The loam used was a mixture of two parts of coarse moulding 
sand to one of coarse fire sand, with one-tenth part, by measure, 
of dry horse manure, the whole being thoroughly mixed together 
and then passed through a quarter-inch mesh sieve, after which 
it is mixed with a thick clay water to the consistency of mortar. 
The manure is used to make the loam porous. 

A facing of about one-half inch of this loam was laid on the 
dummy and patterns, and the bricks laid up to it; the bricks were 
bedded in mud made of the ordinary floor sand; the brick work 
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was generally eight inclieB tliick, except where necessary to anp- 
port overhanging parts, when the thickness was increased accord- 
ingly. All joints and interstices in the brick work were filled with 
fine cinders, and at narrow points and comers straw was laid, the 
ohject of thus making the moTdd porons being to allow the ready 
escape of the gases generated when the metal is east, so that the 
enrfaee of the monld will not buckle or " scab," and to asBist in 
thoronghly drying the mould while in the oven. 



Where there were any narrow or weak points in the mould they 
were strengthened by " gaggers " or " anchors " made by bending 
3/8-iuch or 1/4-inch iron rods to the required shape and size, and 
securing them in the brick work. 

In building up this mould it was necessary to divide it at parts 
(such as the steam chests) into different sections or " drawbacks," 
to allow of the patterns being withdrawn and the cores being 
placed in position. The " drawbacks " were built up on plates 
cast in open aand to the proper shape, and having a similar plate 
laid one course of bricks from the top of the " drawbadts," the 
two plates being secured together when in position by means of 
hook bolts through staples, so as to form one solid mass. 

The seatings for the " drawbacks " were made by covering the 
brick work with loam and smoothing it, and when this was dry 
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" slurry " was laid on and slicked smooth, and when dry waa oiled 
and parting sand sprinkled over it. On this seating was laid 
about an inch of loam, in which waa bedded the " drawback " plate, 
having prickers on the ander side as well as on top, the plate hav- 
ing been clay washed to make the loam adhere to it. 

On this lower plate the loam and brick work for the " draw- 
back " was built np. 

These " drawback " plates were laid at a level with stiffening 
plates in the adjoining parts of the mould, and were afterwards 
bolted to them to give strength to the mould while the metal was 
being cast. 

In building the mould the drawbacks were left to the last, as 
the joints or partings have to be prepared. 

Cast-iron stiffening rings were bedded in the monld as it was 
built up, and when the last plate was bedded the whole mass was 
firmly secured together by hook bolts to the lifting plate, scores 
having been left in the brick work above the lugs and staples on 
the lifting plate for this purpose. 

For the space between the cylinder and the exhaust passages 
two special plates were cast, having long prickers in them. The 
lower one of these plates was supported from the " drawback " 
plates, and had the loam and brick work built on it up to the 
dummy and patterns, but leaving space for the vertical strength- 
ening rib connecting the cylinder and the steam chests at this 
part. These plates extended across the rib, and had the center 
parts east into the rib, after which'the ends were broken off. 

The main " drawback " extended from the middle of the lower 
steam nozzle to the middle of the upper steam nozzle, and from 
the line of the cylinder foot around to the other side of the cylin- 
der, as shown by broken lines on Fig. 3. 

Care was taken to leave openings where the steam and eshaast 
nozzle cores cut through the sides, in order to secure the cores in 
place, and for inserting pipes for venting and conducting away 
the gases through the sides of the mould. 

■ In order to have an equal diatribution of metal throughout the 
mould when casting, especially around the steam chests, " runner 
sticks " were built in the spaces, being connected afterwards with 
the draw gates which conducted the metal into the mould. 

The outside of the mould having been finished, the spindle was 
removed and a top or covering plate waa caat in open sand, having 
openings in it for all parts of the mould that may project above 
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it, Ab it bedded at the middle of the top steam port, openings 
were left for this port, the cjUnder feet or lugs, etc., and for 
securing end venting the coroB for the steam chests, steam jack- 
ets, piston rod, manhole, etc. 

There were also openings for the gates in line with the thick- 
ness of the body of the cylinder leading to the top and bottom of 
the mould. These various openings allow parts of the different 
patterns to be withdrawn and give the moulder a chance to dress 
and finish the mould, and were afterwards covered by smaller 
plates secured by hook bolts to staples east in the top plate. 

Prickers or prongs were cast in the bottom side of the top plate, 
and the plate was fitted in place to see that these prickers were of 
the right length, the ends conforming closely to the top surface of 
the dummy cylinder. 



The plate was inverted and bricks were wedged tightly between 
the prongs, so that they could not fall out when the plate was 
again reversed; the surface of the bricks was covered with a thin 
layer of loam; the plate was then put in the oven and dried. 
Sharp spikes were driven into the center of each core-print or 
jacket opening to serve as a guide for corresponding hole in the 
top plate. When the top plate was removed from the oven, it 
was placed on the " dummy " and fitted by rubbing and scraping 
till it had a good bearing. 

This having been done, the top surfaces of the " dummy " and 
patterns were oiled and then covered with one or two inches of 
loam, and a clay wash put on the dry loam surface of the top plate 
to make the wet loam adhere to it. The top plate was inverted 
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and lowered on the wet loam and gently rubbed to and fro to make 
the loam take a good impressioii of the cjlinder and to squeeze 
out any extra loam; the closer it is nibbed down the better, as 
there would be the less moisture left tg be absorbed. 

Where there were any vacant spaces, as around the cylinder 
feet, " gaggers " were fitted in and bedded in the mass on the top 
plate and the openings then filled with loam. 

The joints where the mould was to be parted were sleeked 
smooth and marked so as to serve as guides for connecting the 
parts again, and the top plate was then removed and inverted, it 
having trunnions on it to allow of this being readily done, and 
the surface of the loam was dressed and finished. 

The inside " dummy " was next removed by picking out the 
bricks and removing the dry mnd, and, if the loam surface showed 
any irregularities, the spindle was put in place and a sweep used 
to straighten it. 

The patterns for the steam chests, brackets, ribs, etc., were next 
carefully removed, either whole or in sections, the drawbacks 
lifted away and the pattern for the lower part of the steam chest 
withdrawn, when the " drawback " was replaced and secured to 
the stiffening plates and lifting ring. 

A strong iron cross beam having been attached to the foundry 
crane was swung over the mould, and links or slings from it were 
connected to the lugs or staples on the lifting plate and this was 
then lifted off the foundation plate, care being taken to lift it 
squarely off its seating by attaching counterbalance weights to the 
cross beam opposite the heaviest side of the mould. The cross 
beam has notches on the top sides to prevent the iron slings from 
slipping. 

The mould was placed on a car convenient to the oven and fin- 
ished by smoothing the uneven surfaces ; filling up any crevices or 
hollow parts with loam, and the whole surface then washed over 
with a preparation of fine loam ; the surface sleeked smooth with 
trowels or different shaped sleekere and then given a coating of 
liquid blacking applied with a brush. 

This blacking consisted of six parts of pulverized charcoal, two 
parts of mineral facing, two parts of silver lead or graphite; the 
whole mixed with clay water, to which was added one-half gill of 
molasses. 

For an extra finish the mould was again sleeked over and a 
camel's-hair brush used to wash it with a mixture of molasses 
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water and graphite. This prevents the biackiiig from rubbing 
off after the mould has been dried. 

This vraah prevents the metal from burning into the surface of 
the mould. The top part of the mould was treated the same way. 

When the " lifting plate " was removed a ooTering of loose sand 
was put over its seating to protect it and the building up of the 
main core began. 

The spindle was put into place and a sweep attached at a radius 
to allow for shrinkage and for boring out the cylinder. The main 
core was built up with a double row of bricks next the sweep and 
the center part filled with loose bricks having fine cinders between 
them, to allow of free passage of gases to the vents through the 




openings for the piston rod and manhole, as there would other- 
wise have been danger of an explosion due to the accumulation of 
hot gases mixed with the air. 

The top was strengthened by a " crown " plate having prickers 
in it to hold the bricks and loam forming the top surface of the 
main core. This " crown " plate had a radial slot in it to allow 
it to pass the spindle, the slot being afterwards covered by a small 
covering plate bolted to the " crown " plate. One of the most 
important points in building the main core was the " relieving 
bar," which reached from the bottom fiange to the inner thickness 
of the jacketed head, and was placed directly under the manhole 
epening. 

This relieving bar was of iron, tapering from 3/4 inch at bottom 
to 1-1/2 inches at top and 8 inches wide. A hole near the top of 
the bar allowed a shackle to be attached and the bar withdrawn 
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through the maohole, after the cylinder waB cast, so leaving a 
clear space for the contractioii of the metal while cooling. 

The bar was placed with its narrow edge flush with the Burface 
of the bricks. Fig, 4 shows this relieving bar while the main core 
was being built up. 

Part of the port cores were swept up on the main core, to which 
they were secured by prickers on the " crown " plate, they being 
located by means of the center lines, and made to correspond ex- 
actly with the dry sand port cores in the steam chests. 

The main core was made a little larger in diameter at the bot- 
tom than at the top, to allow for the pressure of the molten metal; 
the pressure being due to the height of the cylinder plus that of 
the riser head. In these cylinders 1/8 inch was allowed. This 
precaution also helps to prevent the core from floating. 

In some shops an internal bearing is secured to the " foundation 
plate " and the main core built on it, so that when completed it 
can be lifted out and the moulder ezamine the cores for the ports, 
etc., and see that they are in place and have the right space for 
thickness of metal around them. 

After verifying the dimensions of the main core, the spindle 
was removed, the core blackened and finished similarly to the 
other parts of the mould, when all parts were transferred to the 
oven, the joints having been blocked open to allow of the circu- 
lation of the hot air. It is best to dry the mould slowly at first 
to prevent too sudden expansion of the different iron plates, etc., 
and the blistering and cracking of the finished surfaces. 

After about twelve hours the heat can be increaeed, care being 
taken that the mould is not burnt. It takes from forty-eight to 
seventy hours to completely dry the mould, which should then 
have a light brown color. 

While the foregoing work was being done the " dry-sand " cores 
were being prepared. Wooden core boxes of the requisite shapes 
were used to make the steam chest and other cores. 

Where the cores had to be rights and lefts, the boxes were made 
interchangeable. Core irons were cast to the shape of the box 
for stiffening the cores, and had staples for lifting cast in them, 
also " prickers " of wrought iron for holding the sand together. 
The core irons were made gridiron or herring-bone shape as 
more convenient for ramming the sand and easier to break out 
aft«r the cylinder is cast. These irons had a feather or "T"- 
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shaped edge, so as to preeeDt the least possible resistance to the 
shrinkage of the metal. 

The sand used was composed of eight parts of fire sand and four 
of coarse moulding sand, vith one part of flonr. If the sand is very 
moist one-half part of ground clay is added. The whole was well 
mixed together, then passed through a 1/2-inch mesh sieve and 
afterwards through a 1/4-inch sieve, then moistened with clay 
water and tramped or kneaded thoroughly, and finally again passed 
through a 1/4-inch sieve. The sand must be of the right con- 
sistency; if too dry, the core may crumble when dried; and if too 
wet, it will swell or crack in drying. 

The flour and clay cement and bind the particles of sand to- 
gether when baked in the oven; and, in the casting of the metal, 
the flour bums away and disintegrateB the core, making it easier 
to remove. 

Everything being ready, the core box, for example, that for one 
of the steam port cores, was laid on a solid foundation, and some 
fine core sand sifted through a 1/8-inch sieve over the bottom of 
the box; on top of this was placed a layer of sand 1/3 inch to 1 
inch thick, and then the core iron having been clay-washed, was 
hammered down in the sand, and the sand rammed all around it 
and between the spaces in the core iron. Where there were any 
large open spaces, points or comers, rods or nails were bedded in 
and wired fast to the core iron to strengthen such weak parts. 

The core having been rammed several inches deep, all parts 
were vented with a vent wire and the center of the box filled with 
cinders. 

The core was thus built up till the top of the box was reached, 
when the top surface was vented into the cinders, the surface 
squared, moistened with clay water, sleeked smooth, blackened, 
and then had some dry parting or beach aand sprinkled over it, 
on which was packed some damp moulding or floor sand of suffi- 
cient thickness to cover all the projecting parts of the core iron, 
and a stiff plate large enough to cover the whole, bedded in the 
sand and clamped fast to the core box. The mass was then in- 
verted, the core box loosened by rapping and carefully drawn off. 
The surface of the core was next flnished and placed in the oven 
to dry. 

The steam jacket cores were made in the same way, the core 
irons being cast from patterns and made very light, as they have 
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to be broken up and drawn out of small holes after the cylinder 
was cast. A thread was tapped into these core irons and a tube 
bolt screwed in, answering as a vent and also to secure these 
cores to the top plate. 

In building the cores, strings were run througli them above the 
core irons and passed through saw cuts in the edges of the core 
boxes. After the core is finished in the box these strings are 
pulled out and the cores tested by puffing smoke or flour through 
the openings left — if clear the cores are used, but if not clear it 
shows that the core is not well vented and must not be used. 

These holes are afterwards sleeked over with " slurry." In 
building up the main steam-chest cores, a wooden plug was built 
in the center of the core from the bottom to the top, which, when 
withdrawn left a clear vent to which all the port cores opened by 
means of their cinder centers. 

The casting pit was dug in the floor of the foundry, where it 
could he readily reached by the cranes, and was of sufficient size 
to allow of a curb of sheet iron to encircle the mould. The sand 
thrown out was afterwards used for ramming purposes, so only 
about one-half the depth of the mould was necessary in the pit. 
The bottom of the pit was levelled to give a fair seating for the 
foundation plate. 

Sometimes a channel is cut from the center of the pit and filled 
with cinders to conduct the gases from the main core, as the 
opening at the top may be too small for that purpose. 

The mould and cores having been thoroughly dried, the founda- 
tion plate carrying the main core was placed in the pit, and aU 
dust and dirt cleaned oS, and the edges of all joints scraped to 
prevent shelling off or crushing when the other parts of the mould 
were put together. Generally the edges of the joints are scraped 
before the mould goes into the oven. 

The lifting plate carrying the rest of the mould was next low- 
ered into place, and the space for the thickness of metal gauged 
by putting in rolls of putty or soft clay and taking impressions of 
the thickness on them. 

This thickness apace being correct, the " drawbacks " were re- 
moved and the cores for the steam-chest nozzles, steam and ex- 
haust ports were put in position, great care being taken to see 
that the proper thickness of metal was allowed for all round; 
that the cores matched properly and were exactly in their proper 
place. Cast-iron chaplets were placed in the thickness space be- 
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tveen the cores, to eerre aa supports for the cores and to eneble 
them to resist the pressure while the metal ia being poured. 

Th« chaplets are usually made of cast iron, being two plates 
connected by a stud oi aa small a diameter as possible, as it ex- 
pands as the metal flows around them, contracting again when 
cooling and liable to show leaks when testing the cylinder. These 
chaplets are generally tinned or zinced over to give better joints 
in the casting. 

It is necessary to be very careful of the joints where the differ- 
ent cores connect to the main steam-chest core, to prevent the 
metal from forcing its way into and choking the main vent should 
the cores happen to shift at alL To prevent this, short iron pipes 
of about the size of the wooden plug used in building up the 
eteam-chest core are placed abreast of the joints, and damp facing 
sand rammed between the tube and the cores, completely filling 
the joint. Soft putty is also used for the same purpose, a thin 
roll being placed around the joint where the two cores connect, 
the putty helping to even up the thickness by being used thick or 
thin. The vent opening ia filled with cinders to prevent it being 
choked, and to allow the gases to flow off regularly to the surface. 

As the cores are placed, the " drawbacks " and " pockets " are 
put in their proper position. 

The jacket cores were next secured to the top plate by means of 
the tube bolts tapped into the core irons (these bolts were pro- 
tected by small hollow dry sand cores) and carried through open- 
ings in the plate; chaplets were used to retain the proper space 
between the cores and the top plate. The top plate carried the 
steam jacket, manhole and piston-rod opening cores; these having 
been secured in position, the top plate was inverted; soft clay 
balls placed all over the top surface of the main core, etc., to try 
the thicknesses, and the top plate lowered into place, and then 
removed, and the thickness space for the metal having been found 
correct, chaplets of the right size were placed where required, the 
clay balls removed and the top plate replaced in position. 

The mould was prepared for binding and clamping together by 
stopping the joints and partings with slurry and inserting tubes 
into the cores to carry off the gases to the surface. 

Iron packing or distance pieces were placed between the fonn- 
4&tioD and top plates to prevent the mould being crushed while 
being clamped and bolted together. 
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The heavy iron cross beam v&a then swung over the mould and 
Becnred to the foundation plate by iron links or slings, leaving 
about three feet between the bottom of the cross and the top 
plate; then the whole mass was tightened by lifting with the 
crane; iron packing or staye were placed between the cross and 
the top plate, one in the center and one under each of the four 
arms and 6nally the whole tightened by driving in iron wedges, 

A few iron clamps were added to help the cross resist the pres- 
sure, especially around the steam chest, where there is an extra 
pressure from the cores. 

The next process was placing the " curbing " around the mould; 
this consists of a cylinder made of thin sheet iron from one to 
three feet wide, the sheets being keyed or bolted together to form 
a cylinder, leaving about eight to sixteen inches between the 
mould and the curb. Vent sticks were placed to lead the gas to 
the top, and straw also placed against the brick work for the 
same purpose. 

A course of sand eight or ten inches deep was thrown inside 
the curb, rammed down hard and then other layers added till the 
top of the curbing was reached, additional sheets being added 
as necessary. The sand at the bottom requires to be packed and 
rammed very hard with heavy iron-butt rammers, as there is a 
heavy pressure at that point. This is also done between the curb- 
ing and the side of the pit, which is also filled in. 

The moulders used a pin rammer to ram the comers, and, as 
the sand was filled in, sew that the vent sticks were kept in place 
and new ones added where necessary. 

The top of the curbing was about twenty inches above the top 
surface of the casting, to allow for a basin to pour the metal into, 
and a runner or flume to lead the metal to the gates ; the bottom 
of the runner should be twelve or fifteen inches above the sur- 
face of the casting to insure a uniform pressnre and to force the 
gas through the mould and cores; also to prevent the molten 
metal from bubbling and blowing by forcing it through the rising 
heads, which are flow-off gates placed generally on the highest 
and thickest parts of the casting for the purpose of feeding the 
shrinkage of the casting while it is in a liquid state. 

The runners were next prepared by inserting " gate sticks " in 
the openings that allow the metal to flow into the mould; the 
Tent openings secured by placing in them tubes large and long 
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enough to prevent either dirt or metal from entering and chok- 
ing them. 

Some well-sieved, vell-tempered moulding sand was packed and 
given a fair ramming for a depth of about fifteen inches, where 
the runners and basin were to be and also around the gates and 
risers, the surface levelled and packed by tramping over it. The 
basin was made about twenty-five inches diameter, and the chan- 
nels from four to five inches wide and eight or ten inches deep, 
connecting the basin to all the gates. A fiat, dry sand cake is 
uanally placed in the bottom of the basin to prevent the stream 
of metal from the ladle cutting out the bottom. The surfaces of 
the basin and runners were smoothed and blackened, all loose sand 
and dirt cleaned away, and a place cut out around the risers, to 
bold about one hundred pounds of metal. Lumps of stiff clay, 
having lifting hooks in them, were placed over the risers and 
weighted down, to keep a pressure of air in the mould while the 
metal was being poured. 

Shavings and straw were placed in the vents, and lighted just 
before the metal was poured, to ignite the gas. 

The amount of metal necessary was calculated from the draw- 
ing, allowance made for metal to fill the gates, runners and risers, 
and then a surplus added to cover any accident or miscalculation; 
this surplus was afterwards cast into pigs. 

The iron for steam cylinders should be very tough, strong and 
cl(»e grained. A good mixture is one-third of No, 1 American 
charcoal iron, with two-thirds of good machinery scrap, or if the 
machinery scrap is soft it will not require the pig iron, the melt- 
ing bringing it down to the required strength. The metal used 
for the cylinders of the Cincinnati and Baleigh vas all good ma- 
chinery scrap. 

The temperature of pouring the metal is very important. If 
too hot, the metal is more fluid, and has a greater penetrating 
power, and if there are any defects in the mould the iron is liable 
to find them out and cr,eate trouble; if too cool, the casting may 
ehow air or dirt holes while being machined, the metal not hav- 
ing sufScient fluidity to throw off the gas or float the dirt to the 
surface. The metal should he received hot from the cupola, and 
when cool enough to hang on an iron rod, should be run into the 
mould. 

In pouring the metal the scum in the ladle was first skimmed 



izedbyGoOglC 



Notes on Steah Enoineebinq 76 

off, then the metal poured slowly till the bottom of the baein vas 
covered, then the stream increased, filling up the runners and 
keeping any dirt or scum floating on the surface till the mould 
was filled, which was indicated by the air blowing through the 
gates and risers, then the clay stoppers over the risers were lifted 
and the metal allowed to flow through, meanwhile keeping the 
runners full to increase the pressure. 

When the metal in the mnners became solidified, it was broken 
into pieces and thrown to one side, the sand cleared ofF the top 
plate, the iron cross beam hooked on to the crane, and the iron 
packing knocked out from under the beam ; the way cleared down 
through the manhole to the relieving bar, which was hooked on 
to the crane and pulled out, to relieve the main core and prevent 
any danger of the cylinder cracking as the metal shrinks while 
cooling. The steam chest and nozzle cores were also relieved by 
having the cores partly broken up. 

The curbing and sand were then removed and the outer parts 
of the mould relieved to prevent any interference in the shrink- 
age of the metal around such parts as the feet, brackets, etc. 

The immediate safety of the easting having thus been provided 
for, it was left till the following morning, when it was still red 
hot, and the core irons of the steam-chest cores were broken from 
top to bottom by working through the steam-chest openings. 
After three days the casting was cool enough to take out of the 
pit by breaking away the brick work, burnt loam, plates, etc.; the 
cylinder was cleaned, all cores removed and all risers, fins, etc., 
chipped off. 

Either before machining, or else afterwards, all parte where the 
steam comes in contact with the surfaces which are not machined, 
should be thoroughly pickled with a solution of muriatic acid in 
order to clean away all sand and grit that is partially burnt into 
the metal. 

Great care was exercised by the moulders throughout the work, 
and the pattern makers who had made the patterns, sweeps, etc., 
constantly verified and corrected the sizes, locations, etc. 

The above was the method adopted in casting the cylinders for 
the engines of the Cincinnati and Baleigh, and it proved very suc- 
cessful as not one was lost of the sixteen cylinders cast. 

While being machined, the inside of the solid head and cylinder 
cover should be carefully gone over with a template or sweep to 
see that they are counterparts of the piston, as in moulding there 
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may have been BOme irregnlaritiee of the surface Thich would di- 
mmish the clearance in the cylinder. 

The finished weight of one of the L. P. cylinders is eleven 
thousand six hundred pounds. 

The writer is indebted for valuable assistance in the prepara- 
tion of this article to Mr. William Forbes, the master moidder in 
the Steam Engineering Department of the New York Navy Yard. 

Quegtion No. £. — Describe tke method of making a patUm for a 
cylinder or other complicated piece of machinery. 

For full description see the Journal of the Society of Naval 
Engineers, Vol. IV, No. 2, p. 159. 

For a small cylinder, the pattern is sometimes made by gluing 
together discs of white pine, thus making a solid cylinder, which 
is then turned down in a lathe to the required shape and size; the 
patterns for steam chests, etc., being made separately and secured 
to the cylinder by dowel pins. In all cases the particular point 
to be observed is that the pattern is built so that the mould will 
not be broken when the pattern is withdrawn from it. 

The following description of a method of moulding a cylinder 
in dry sand at the Bath Iron Works is the one referred to above, 
and is by Lieutenant S. H. Leonard, XJ. S. N. It is here reprinted 
by the courtesy of the American Society of Naval Engineers. 

Method of Modldinq a Ctlindeb in Dey Sand at thb Bath 
Ibon Works. 



Large steam cylinders are cast either in a dry sand or a loam 
mould. If by the former method, which is usually the case when 
they are more or less complicated and there are two or more to 
be made of the same size, a complete pattern ig made and ram- 
med up in dry sand in a flask. In the case of a loam mould, pat- 
terns are also required of the steam chest, steam and exhaust 
nozzles, and all brackets, webs, lugs, bosses, etc.; these are built 
into the loam work as the cylinder is swept up. The following 
description refers to the intermediate cylinder for the Katahdin. 
This cylinder is 36 inches in diameter by 36 inches stroke, and is 
designed for a liner 1 inch thick. 

The work on the cylinder proper forming so small a proportion 
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of the total required on the mould, there was relatively little that 
could be swept up, and consequently time and expense were saved 
by making a complete pattern and moulding in dry sand. There 
were two of these cylinders, so that one pattern answered for 
both. 

The pattern was made of well-seasoned clear white pine. Such 
wood warps very little, is not likely to check or split, is light to 
handle, has a fine grain and is easily worked. A two-foot shrink- 
age rule was used, measuring 24-9/38 inches; or, in other words, 
a shrinkage of 9/33 of an inch was allowed in two feet. 

In making the pattern, the barrel or cylinder proper was built 
up as follows: To three ring discs about 3 inches thick and 4 
inches wide, one at either end and one in the center of the cylin- 
der, are screwed longitudinal strips 3/4-inch thick and S inches 
wide, which are firmly glued to each other; secured to these discs 
at either end are four additional circular discs, each about 1-1/4 
inches thick. At the stufEng-box end of the cylinder the four 
discs have a diameter equal to that of the outside of the cylinder, 
and after gluing together are turned out to the dished form called 
for in ilie drawing. The stuffing box is let slightly into this head 
and its webs located per drawing. 

The lower discs are of the same diameter as the cylinder inside 
the longitudinal strips. The cylinder's lower flange is made up of 
circular strips, breaking joint, firmly glued to each other and 
then turned to size, its internal diameter being the same as that 
of the lower discs over which it is slipped, leaving about 2 inches 
of the disc projecting, which forma the cylinder core print. 

The steam chest is made in the same general manner in five 
separate box sections, two steam ports and three cylindrical sec- 
tions of steam chest. The cylinder and steam chest are each pro- 
vided with axial holes for the insertion of iron rods for the pur- 
pose of drawing them from the sand. The steam ports, steam 
chest, lugs, bosses, stuffing box and its webs, brackets and cylin- 
der flange, are all fitted to the barrel of the cylinder with wooden 
pins; these are removed — where necessary in drawing the pattern 
— as the mould is built up. 

The pattern when complete receives a coating composed of lamp 
black, shellac and alcohol, which gives it a smooth, glossy surface, 
filling the pores of the wood and preventing the absorption of 
moisture. In order to prevent any chance of mistaking a boss or 
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projection for a core print, the latter receive a coat of shellac 
only, which leaves them a bright straw color. 

The pattern maker, after finishing the cylinder, turns his atten- 
tion to the neceseary core boxes and sweeps. These are made as 
simply as possible, often consisting of only a skeleton frame, as is 
well illuatrated in the sketch of the frame for the steam-port 
cores, Plate 3, J'ig. 8, This consists of three distinct parts; the 
circolar portion A, consisting of strips of wood glned together, 
and to which are secured the side pieces B; the reverse curve 
piece G, made up as shown; and the skeleton piece D, screwed to 
the top of A, and which carries a small section of the steam chest 
E. Fig. 3 shows the construction of the core box for the exhaust 
nozzle, one-half of the core being formed at a time, and the two 
halves joined, after baking, with a thick flour paste. The same 
construction is used for the steam noizles, Fig. 6. 

The frame for the cylinder core is made up of circular strips, 
as shown in Fig. 9; it is 6 inches deep, and is made up in sec- 
tions, as shown in Plate 2, Fig. 2. The frames for the steam- 
chest cores. Fig. 6, are made in a similar maimer in two rings 
corresponding to the two diameters of core; they are fitted to 
each other by a small lip turned on the edge of the upper ring; 
when ramming up, the frames are held together by means of sev- 
eral staples driven into their outer surfaces. The core boxes are 
all made of the same material as the pattern, and receive the 
same black coating on their internal surfaces. The sweeps. Figs. 
3 and 9, are simply wooden strips cut to the proper shape from 
dimensions taken from the drawing, and in use are secured to a 
central iron spindle as an axis, about which they are worked; their 
bearing edges are beveled for the purpose of leaving the sand 
freely in sweeping. 

The pattern being now ready for the foundry, the first work in 
the latter is the casting and fitting of the fiask, which in this case 
consisted of eight sections, five of which were 7 inches and three 
12 inches deep, all being 8 feet 10 inches long by 6 feet broad 
outside. The same flask was used for the H. P. and I. P. cylin- 
ders and also the same sides for the L. P. cylinder, new ends 
(longer) only being required in the latter case. These flask sec- 
tions were cast from a pattern in green sand. A base plate 1-1/S 
inches thick and of the same dimensions as the flask is cast in the 
open sand without & pattern, its outline being marked off with 
the aid of a straight edge on a prepared body of sand on the 
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foundry floor; a, strip of wood 4 or 5 inches wide and about 3 feet 
long, with a thickneBs shghtly greater than that of the plate, is 
used for tamping the Band against, the strip being gradually 
worked along the line until the mould is complete. 

A pit about 2-1/2 feet deep is now dug in the foundry floor, 
into which three cast-iron resting bars, 4 incheB by 5 inches, are 
lowered and adjusted with a spirit level. Upon these the base 
plate IB placed, which in turn forms the support for the lower 
flask as shown in Plate 1, Fig 2. The lower flask is rammed up 
with green eand and then scraped off with a straight edge to about 
2 inches below the top of the flask. The barrel of the cylinder is 
now placed in its proper position in the flask and the pattern 
made complete hy pinning on the steam chest, nozzles, legs, etc., 
the whole pattern resting on the core prints of the cylinder and 
steam chest. The lower flanges are held in place and the whole 
nicely adjusted by wooden wedges placed under these flanges. 
The pattern is now given a coating of light machine oil applied 
with a cloth or bunch of waste for the purpose of preventing the 
sand from adhering to the pattern, as well as to constitute an ad- 
ditional safeguard against the absorption of moisture from the 
damp sand. The remaiuder of the lower flask is rammed up 
with dry sand which is carefully tamped under the cylinder and 
steam-chest flanges, lower bracket and steam nozzle, the wedges 
being removed as the work goes on. The sand in this flask is 
built up to the level of the top of the lower flauge of the cylin- 
der, lu ramming up, each section of flask acts as a partial cope 
to the one immediately below it, and therefore the parting surface 
must he so made that each flask may be raised in turn without 
breaking the mould. The line of each flask joint is shown by 
heavy dotted lines in Plate 1, Fig. 2. 

The dry (facing) sand is mixed as follows : 

€ pails new loam sand. 

6 pails beach sand. 

1 pail flour. 

1-1/2 pails clay water, 

1/3 pint molasses. 
Parting sand is now sprinkled over the lower flask and the 
second section is lowered into position. The next operation is to 
fit thin cast-iron brackets to the sides of the flask to form a sup- 
port to the sand. These brackets are cast in the open sand and 
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along their lower edges naile are cast in, Plate 3, Fig. 1, They 
are Bpaeed about 6-1/S inches apart and are secured with 1/3-inch 
bolts passing through the vent holes in the sides of the flask; they 
are slightly less in width than the depth of flask section to which 
they are fitted, and are of varying lengths reaching to within 
about an inch of the pattern; they are cast with several holes 
about 3 inches in diameter for the purpose of locking them in the 
sand and also to reduce their weight; these brackets all receive a 
coat of clay wash to ensure the sand adhering to them. Facing 
sand, mized as above described, is now shoveled in the flask and 
carefully rammed in all around the pattern, and to about an inch 
in depth all over the bottom of the flask. To give additional 
strength to the sand, cast-iron gaggers 1/4 inch square in section, 
with legs about 3 inches and 6 inches long respectively, are bed- 
ded in the sand alongside the brackets, after receiving a coat of 
clay wash; gaggers about 10 inches long are bedded horizontally. 
These gaggers are worked in as the flask is rammed up, facing 
sand being used to a thickness of about 3 inches around the pat- 
tern, and foundry or green sand filling in the intervening space to 
the sides of the flask. This sand is made a little more open than 
ordinary green sand by the addition of fine gravel, and to main- 
tain its strength it is dampened with a thin clay water. The up- 
per portion of the flask to about an inch in depth is rammed 
wholly with facing sand, over which, after sleeking, is strewn the 
parting sand. As stated above, the pins securing the bosses, 
brackets, etc., are removed as these parts become securely bedded. 

The successive flask sections are rammed up in the same gen- 
eral manner as described. In some of the sections, however, the 
pattern falls away considerably from the sides of the flask, in 
which case, to give suflBcient support to the large body of sand, 
extra sides are bolted between the flask ends, brackets being 
bolted to these in turn as well as to the outer sides; this is shown 
in Plate 3, Fig. 1, which is a section of the mould with the fourth 
flask in place ready for ramming, the pattern being removed and 
the cores in position. 

The body of sand between the steam chest and the cylinder is 
supported by four 5/8-inch round iron rods — two in each flask — 
bolted to the aide plates; to these rods gaggers are wired as 
shown. This body of sand is side-vented with the vent wire. It 
is of course understood that the sand around the cylinder is sup- 
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ported in the same manner by nails, gaggers, etc., as about the 
steam chest, although not filled out in the drawing. In making 
up the cope, cross plates are bolted to the flask sides and the sand 
firmly rammed between them, the gate sticks — 1-1/2 inches by 
1/2 inch — also vent and riser plugs, being previously placed in. 
position. In order to properly ram the sand under the brackets 
G, H, K, Plate 1, Fig. 1, square pieces are cut out of the pattern 
as shown at H, and after the ramming are replaced. These pock- 
ets of sand are also side-vented with the vent wire. To give sup- 
port to the hanging sand between the webs surrounding the stuf- 
fing box, thin bracket plates are suspended by wiring from the 
heavy croas-plates, and alongside these latter, all through the 
cope, are imbedded numerous gaggers, brackets, nails and wires. 
The upper surface of the cope does not receive a layer of dry sand, 
as is the case with the other fiask sections; unlike the other sec- 
tions, also, it is well top-vented with a light vent wire. 

The following portions of the pattern remain in the cope upon 
its being raised: the stuffing box and wchs, the cross-head slide 
bracket, steam-chest core print, the upper half of steam nozzle, 
and the top sections of upper steam port; the two latter are held 
in place by means of wires secured to them, passing through to 
the top of the cope where they are secured. 

The cope is now swung by the crane to an available place in 
the foundry fioor and turned bottom up. The sharp comers of 
sand are trimmed off with a trowel, and nails impressed where 
necessary to give additional strength. The different pieces of 
the pattern are now carefully drawn, the mould sleeked and given 
a coat of black wash. The stutfing-box flange is detachable and 
is cut obliquely in order that it may be drawn after removing the 
stufBng box proper. The cylinder proper, with its two side brack- 
ets, M, N, is now drawn from the sand by the aid of an eye-bolt 
screwed into an iron plate secured to the lower discs; the lower 
flange is left in the mould. The upper section of the steam chest, 
lower half of steam nozzle, and the cylinder legs, are now drawn; 
also the several bosses which were attached to the cylinder. The 
moidd of the latter is given a coat of black wash. 

The second section of flask is now raised, which exposes the 
pattern of the upper steam port, which is accordingly removed, 
and thus the work of alternately removing flasks and sections of 
pattern continues throughout the mould. As each section of 
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flask is removed it is gone over carefully with a sleeker, any 
broken edges, cracks or other defects repaired, and the face of 
the mould is given a coat of black wash. After this treatment 
the Sasks are all piled upon two low iron platform cars and 
wheeled into the drying oven. 

The sand for cores is mixed as follows: 10 pails of beach sand, 
1 pail of flour, and 1-1/2 pails of clay water. The flour and clay 
water give the core strength or cohesion when ramming, and ren- 
der it firm and solid when baked. 

In making the core for the steam ports, Plate 3, Pig. 1, the 
core frame, Fig. 8, is placed upon a small platform car, the top of 
which was previously sprinkled with parting sand to prevent the 
core from adhering to the plate after baking; a vent plug about 
4 inches in diameter is placed in the center of the box, and sand 
prepared as above is added to a depth of about 2 inches. The 
frame, shown dotted in the core, after receiving a coat of clay 
wash, is now placed in position. This frame gives the core the 
necessary strength for handling, and is cast in the open sand, the 
ontline being laid oS with dividers and straight edge, and the 
sand then scooped out with a sleeker to the proper depth. The 
two nests of bent wires {1/4-inch diameter), three lifting staples 
and a quantity of nails, are printed in the mould before pouring; 
the nails are bent ad libitum after the casting is cold. More sand 
is now added, and when the core box is a little more than half 
full, a net work of gravel is laid on, radiating from the vent plug; 
this gives the core a free vent for the gases when pouring. More 
sand is added and well filled in around the wire frame forming 
the upper portion of the core, the whole being well rammed. The 
frame piece D is screwed in place and the aand rammed up to the 
top of the core box. By the use of two sweeps, one of which is 
shown at F, the upper portion of the core is trued up; the sweep 
P is provided with a lip, by means of which it is guided along the 
curve GH, and so sweeping the upper portion of the core between 
G and H, the second sweep completing it from H to H. The 
frame D is now removed, the body of the core leveled ofE with a 
straight edge, and the whole carefully sleeked. The screws se- 
cnring the reverse piece C to the sides B are removed, and the 
circular frame A raised from the core, after which the reverse 
piece is drawn away. Thin pieces of iron are braced against the 
sides of the core at B to support the sand until it gains strength 
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bj baking; for the same purpose the web space E, Fig. 1, is 
packed in with green sand. The sharp edges are trimmed off and 
nails impressed along the comers, as shown at L. 

The core is now wheeled into the oven, and in this case was 
baked 36 hours under a low fire. Shortly after removal from the 
oven, the core receives a coat of black wash, consisting of pulver- 
ized Lehigh coal mixed in water. The core contains sufficient 
heat to thoroughly evaporate any moisture resulting from the 
wash. 

The method of making the steam-chest cores is shown in Fig. 
6. A vent plug 4 inches in diameter is placed centrally in the 
core boz, and sand shoveled in to the depth of about an inch, 
when two links. A, A, for lifting, and a number of core irons are 
placed as shown; sand is again added and rammed up to within 
about 8 inches of the top, when more core irons are laid, after 
which the whole is completed with additional sand, which is finally 
leveled oS with a straight edge. After rapping, the rings are 
lifted one at a time, the core plug removed and the sharp comers 
of the core trimmed off, when it is placed in the oven, where it 
remains 34 hours. When taken out it receives a coat of black 
wash on its circumferential surface, the part coming in contact 
with the molten iron. 

The upper sections of the upper steam-port core were swept up, 
as shown in Fig. 2, A primary sweep, ABODE, secured to the 
finishing sweep, was first used for forming a green sand founda- 
tion ring, BC, after which core sand is built up on the green 
sand, a core frame being added, as shown. The finishing sweep 
completes the core. After baking, the green sand section is 
scraped away. 

The main cylinder core, Plate 3, Fig. 2, is made similarly to the 
steam-chest cores; the upper section, however, is built upon a 
core frame and swept up, Plate 3, Fig, 9. Although this section 
of core was 7-1/3 inches deep, the same core box was used by prop- 
ping it up on distance pieces, thus making one core box answer 
for all the sections. A core plate is used in the lower section of 
core, and into which three strong lifting staples are cast. As the 
whole weight of the cylinder core is taken by these staples, their 
attachment to core irons would be insufficient, and hence the core 
plate. These core sections were each baked 34 hours, after which 
they were made up as follows : The lower section was placed upon 
a foundation plate, AA, Plate 3, Fig. 2, and adjusted with a spirit 
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level, after which the succeeding sections were placed one upon 
the other, a ring of dry fiour making an even joint in each case. 

It should be said here that, in general, it would be simpler and 
cheaper to sweep up a core like this in loam. The method des- 
cribed was adopted because the loam moulders and the whole of 
the foundry devoted to loam work were busy on other parts of 
the machinery. 

To give the core (which is now of a uniform diameter) the con- 
tour of the internal surface of the cylinder, a sweep is used swung 
from a central spindle, which pasaes through the hole in plate 
AA. The sweep ia first adjusted vertically, and the heights B, C, 
D, B, F located; the sand is then cut out between AB, CD, EF to 
the proper depth (according to the sweep) for a short distance 
citcumferentially, with an old saw and rasp file, when the sweep 
is adjusted axialli/, and the sawing and filing continued around 
the core until the sweep neatly clears. The joints G of the sec- 
tions are finished by scraping out a groove 1/4 inch wide and about 
4 inches deep, into which fresh core sand is tamped, sleeked and 
black washed. The whole core is tied together by means of a 
5/8-inch round iron rod passing throngh the central vent and se- 
cured to the frames in the upper and lower core sections. The stuf- 
fing-box core is united to the main core with a flour paste joint. 
The whole core is now given a coating of plumbago mixed in 
water, to which a little black molasses is added, which ensures the 
casting peeling well. After this treatment the core is placed in 
the oven over night, when it is ready for the mould. The joints 
between the different sections of the cylinder core aid in venting, 
rendering the use of gravel, as mentioned for the steam-port cores, 
unnecessary. In fact, in a mould such as is now under considera- 
tion, the large body of dry porous sand contained in the flask 
allows of a large absorption of surface gases, and therefore very 
little venting is required in comparison with green sand moulds, 
where steam has to be contended with. 

The mould after remaining in the oven for nine days • under 
a slow fire was removed, and the sections piled one upon the other 
in regular order in some available place on the foundry floor 
within radius of a swinging crane. After carefully leveling the 

* It is not necessary to leave the mould in the oven as long as this, 
four or five days being ample time. It was done In this instance 
while waiting for the completion of the cores. 
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foundation bare, already referred to, and adjusting the base plate, 
the first or bottom section of flask, which is the top one as piled, 
is lowered in place by aid of the crane and adjusted with a spirit 
level. This flask contains the core prints for the cylinder steam 
chest and lower steam nozzle cores. The order in which the 
mould now goes together is as follows: Lower section of steam 
chest core; lower stream nozzle core; 2nd section of flask; lower 
steam port core; cylinder core; 3rd section of flask; middle sec- 
tion of steam chest core; 4th section of flask; exhaust nozzle core> 
5th section of flaak; upper steam port core; 6th section of flask; 
upper section of steam chest core; upper sections of upper steam 
port core; 7th section of fl"a8k; upper steam nozzle core; water 
valve core; cores for side brackets; 8th section of flask or cope. 

The flaak sections are joined as follows: While they are sus- 
pended by the crane previous to lowering into position, the mould- 
er removes any loose sand from their under sides by going over 
them with a brush; he then goes around the lower edges of the 
mould with a trowel, scraping away a little of the sand, which 
results in leaving a thin fin on the surface of the casting. If this 
were not done, the edges would bear on each other and the comers 
would be crashed and broken all aroimd the mould at each flask 
joint. Any cracks which may have occurred while baking are 
filled in with sand and plumbago mixed with a little molasses 
water. The edges and cracks (if any) are now painted with oil to 
preserve their coherence; in fact, the oil is used on a dry sand 
mould for much the same purpose as the water swab in green 
Baud moulding. The top of the previous fiask, already in posi- 
tion, is now brushed oflE and a trail of dry fiour laid around the 
mould a few inches from its edges for the purpose of forming a 
joint with the following flask, which is now lowered in position. 
Between the steam-chest core sections is placed a ring of flour 
paste encircling the central vent preventing any chance of the 
molten iron working into the vent in case of any unevenness of 
the joint. All the core joints are smoothed off with plumbago 
and sand aa described above for the mould. 

The cores for the steam and exhaust nozzles are vented by 
means of a 3/4-inch hole drilled several inches deep into the center 
of their core prints before they are placed in position; leading to 
these are holes drilled in the mould horizontally from the outside 
of the flask and filled with cinders. The cores for the side brack- 
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ete are vented through the top of the cope. These cores are held 
in place by means of chaplets which are the only ones used in the 
mould excepting one for the water-valve core. The two upper 
eectione of the steam-port core are joined to the cylinder core 
with a paste joint, and they are also secnred by means of wires 
passing to the core frame of the upper section of cylinder core. 

As the mould is boilt up, the spaces left for the necessary 
thickness of metal are carefully tested and corrected, if necessary, 
by shaving the cores; they are kept filled with waste to prevent 
anything accidentally dropping into the mould. The holes in the 
cylinder cores for the lifting rods are now filled with cinders, 
smoothed off on top with moulding sand and painted with oil. 
Before placing the cope in position a number of wads of stiff clay 
are set upon the top of the cylinder core at different points; also 
on the steam-nozzle core. The cope is now lowered In position, 
and, npon raising it again, these wads show the thickness of iron 
left for the cylinder head, nozzle, etc., any variation from the 
thickness called for by the drawing being corrected by shaving 
or patching the cores. In the case under consideration, there 
were practically no changes, and a slight shaving of one or two of 
the cores was all that was required, the mould going together 
without alteration. The cope contains the prints for the stuffing 
box, steam chest, upper half of upper steam nozzle, and side- 
bracket cores, by which they are held in position while pouring. 
A ring of fiour is spread around, and the cope finally placed in 
position, completing the mould. 

Three heavy iron cross bars, similar to the foundation bars, are 
placed upon the cast-iron distance blocks A, A, A, Plate 1, Fig. 3, 
resting upon the top of the flask. The upper and lower bars, 
which project beyond the flask, are tied together with wrought- 
iron stirrups and straps, and by means of wedges between the 
bars and blocks the whole flask is strongly bound together. A 
rectangular wooden frame 10 inches deep and sufficiently large in 
area to enclose the feeding gates is built up on the cope under the 
cross bars. A 2-inch iron vent pipe is led through the cope to 
the cylinder core, the gate sticks pat in place, and moulding sand 
shoveled into the frame and rammed up, forming a green sand 
basin with a circular runner to supply the twelve feeding gates. 
As far from these gates as possible (outside the frame) a 2-inob 
hole leads through the cope to the flange of the upper steam 
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nozzle, serring as a rieer and overflov. The sand is btiilt up 
Around this riser for several inches, in order to give the mould a 
slight additional head. Another hole through the cope serves as 
a vent to the steam-chest core. The mould is now ready for pour- 
ing. 

The cupola used is of the McKenzie type, 48 Inches internal 
diameter, and 10 feet high from hearth to charging doors. After 
daubing up with clay, the swinging bottom doors were propped 
up in place, and the melter, entering from the charging doors, 
lutes the joints between the doors and the base of the cupola with 
clay, after which sufficient foundry sand is shoveled in at the 
breast hole to form a bed 6 or 7 inches thick. This is rammed 
and graded off towards the breast hole, which is now plastered up 
with clay and bricks, a pipe the size of the tap hole having been 
previously placed in position. The spout of the cupola ia lined 
with clay and dried with a wood fire. 

A couple of bushels of shavings and chips are thrown in, upon 
which logs of split pine are placed endwise on a slant against the 
sides of the cupola, thus protecting the luting as well as catching 
fire quickly; smaller pieces are thrown in between, and over all 
are thrown 18 bushels of fuel consisting of equal parts of coke 
and anthracite coal {675 lbs. coal; 360 lbs. coke). The cupola 
was lighted through the tap hole at 11.45 A. M. At 13.30 eight 
bushels more of fuel were added (300 lbs. coal; 160 lbs. coke), and 
at 1 P. M. conunenced charging iron. At this time the bed of 
fuel was burning freely and had settled to about four or five feet 
below the charging doors. In this case no scrap was used, the 
mixture being composed of two parts No. 2 charcoal pig and one 
part No. 1 Sloss pig, which is a soft gray iron made from ore 
mined in Alabama. The pigs were all broken in two, giving the 
pieces a length of about 12 inches. About 3800 pounds of the 
iron is charged at a time;, and a shovelful of oyster shells is added 
for a flux, and over all six bushels more of fuel (235 lbs. coal; 120 
lbs. coke). This operation is repeated three times, which fills the 
cupola well up to the charging doors which are then closed, 

(Note. — The mixture of pig here given does not represent the 
practice of the Bath Iron Works, as it was used to comply with 
the Navy Department specifications. In their own work, the 
mixture ia changed by substituting, for about one-quarter of the 
charcoal pig, good clean scrap, such as broken car wheels. The 
cost of the two mixtures is about the same.) 
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The lilast (centrifugal blover) was started at 2.45, and 15 min- 
utes later the molten iron made its appearance at the taphole, 
which was then closed with a plug of clay on the end of the hot 
stick. A five-ton ladle, which has had a pine log fire burning in 
it for several hours, is placed under the spout and the cupola is 
tapped at intervals of five or sis minutes for an hour, at which 
time there is sufficient iron for the cast, the ladle being nearly 
full. Sawdust has been thrown into the ladle from time to time 
to check radiation. This may seem somewhat strange at first 
sight to those not accustomed to this use of sawdust, but experi- 
ence shows that it works admirably. The sawdust ia not entirely 
consumed but becomes carbonized and thus acts as does charcoal 
in the more usual practice. The layer of charred sawdust, when 
the ladle is full, is about two inches thick. 

The ladle is now skinmied and transported to the mould by 
means of the crane. Just before pouring, fine sand is scattered 
over the molten iron to form a thin crust and gather any remain- 
ing slag and scoria. A piece of oily waste having been placed 
over each vent pipe and lighted, the iron is poured into the basin 
until there is a free discharge from the riser; more iron is after- 
wards slowly added until the discharge from the riser begins to 
clog. There is a free discharge of gas from the core vents, the 
fiame rising from S to 3 feet high, and all around the sides of the 
fiask are numerous small jets of burning carbonic oxide. Shortly 
after pouring, the basin is taken apart and the gates broken he- 
fore they cool. The overflow from the riser is run into pigs in 
the foundry flow by means of a wooden trough lined with mould- 
ing sand. 

The following morning, the bolts securing the brackets to the 
sides of the flask are first removed, after which the flask sections 
are lifted off in order, the cores are dug out and the casting finally 
taken to the cleaning room. Here the fins are chipped off, and 
the sand thoroughly removed with stiff wire brushes, leaving the 
casting ready for the machine shop, in which condition it weighed 
8170 pounds. 

The H. P. and I. P. cylinders for the Machias and Castine, and 
all the cylinders for the Katahdin, fourteen in all, were moulded 
in the same general manner as described above, and with excel- 
lent results, none being lost and the castings coming out smooth 
and free from blow holes or other defects. 
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Qtustion No. S. — Describe the method of making a propeller pat- 
tern. 

Two wooden guides faced with strap iron are gotten out, one 
being placed near the root of the blade and the other just bejond 
the periphery. The pitches of these guide irons are different, 
being leas than the desired pitch near the root of the blade, and 
greater at the periphery. The guides, etc., are laid off with a 
shrinkage rolled 3/16 inch to 1 foot. About 1-inch white pine is 
used, planed on both sides. A rough outline of the palm of the 
blade is cut out on one end and then one edge is planed smooth; 
the lower edge represents the generating line starting from the 
axis of the hub, and at right angles to the axis or otherwise, as 
called for by the drawings. 

Grooves are then worked into this board where it comes on the 
guides, 80 as to give a perfect bearing at the bottom of the grooves 
on the guid^, and so that the edge representing the generating 
line comes flush with the guides. A second board is treated the 
Bame way, and, when fitted to the guides, is glued fast to the first 
board. Others are added in the same way till a little more than 
the full width of the blade is obtained. Then the built-up block 
is worked down till the edges representing the generating line in 
the different positions are all in one surface, which will then rep- 
resent the go-ahead driving face. 

The center line of the blade having been marked on the block, 
the size and form of the blade is laid off from it by measurements 
given on the developed Blade of the drawing; this gives the out- 
line of the blade, and the block is worked down to it. The thick- 
ness is determined by drilling the holes through the pattern at 
different points, and pegs of the required length (as shown on 
sections of blade) are driven in flush with the planed surface and 
secured by gluing. The pattern is then turned over and worked 
down to the thickness shown by these pegs; the palm of the blade 
is worked into shape according to drawing; the core prints are 
fitted for bolt recesses; the root of the blade is faired off to suit 
the eye; and the pattern is finally smoothed and shellaced. 

Another method for making a propeller pattern is to cut out 
a lot of strips having a section 1 inch thick with one edge beveled 
to guit guidra. These are placed with their beveled edges on the 
guide irons, and the strips are glued together, none being added 
until the full face of the blade is made, when the beveled faces of 
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the stripe give the true driving face. The palm is hoilt onto 
theee Btripe, the center line is laid off, the developed profile of the 
blade is drawn on the face, the blade is cut into shape, the thick- 
ness is determined from the strips, which are all of uniform 
depth, and the back of the blade ie worked into Bbape. 

The pattern for the hub is then made, generally spherical, with 
the receasea for the palms of the blades. This pattern is staved 
up and turned to shape in the lathe. Core boxes are made for 
the cores, for the recesses in the palms of the blades, where the 
bolts are put in, for the hole through the hub for the shaft, 
and for the cores which are used to lighten the hub and the palms 
of the blades. Patterns are made for the covering plates for the 
recesses in the palms, so as to give a smooth surface to the hub 
when finished. 

Question No. ^ — Describe the tMthod of moulding a propeller hy 
sweeping up. 

In modem practice most of the large propellers are built up, 
that is, the hub and bl^es are cast separately and then fitted 
together, so that the pitch can be altered if found necessary, or a 
new blade put in place of one broken without having to replace 
the whole propeller. 

When made in this way, the hub is generally cast from a pat- 
tern, though it could also be swept np, A pattern is made for the 
palm of the blade. For the blades, a foundation plate is made in 
open sand. It is levelled and the spindle put in position. A layer 
of bricks is put on the plate and covered with loam about 1/2 inch 
thick where the guide irons are to be placed, which is swept up to 
give a seating for the guide irons. The center line of the blade is 
also marked on these seatings, which have been dried. The pat- 
tern of the pahn of the blade is secured in position, being fastened 
to the spindle and squared up from the center line on the seating. 
This palm must be placed very accurately to avoid having the 
blades thrown out of shape. 

It is necessary to use two guide irons, one as near the palm as 
it can be placed, the other about 6 inches beyond the end of the 
blade. It is found that, in casting the blades, the pitch near the 
root of the blade always inereasss while that at the periphery 
always decreases, so an allowance is made by reducing the pitch of 
the inner guide iron and increasing that of the outer guide iron. 
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For the Cincinnati and Raleigh using a 13-foot 6-inch diameter 
true screw, with a pitch of 15 feet 6 inches, the allowance made 
was 6 inches smaller pitch at 8 feet 1-1/2 inches from center of 
screw, and 3 inches greater pitch at 7 feet 3 inches from center 
of screw. 

The guide irons and palm having been placed, the space be- 
tween the guide irons is £lled in with bricks, between which are 
rammed fine cinders, ontil the surface is about 1/2 or 3/4 inch 
"below that given by the sweep. Then the bricks are covered with 
loam and the sweep is used to give the surface of the driving face 
of the blade. After this is swept up and sleeked smooth, the 
center line is transferred to it from the seatings and guide irons, 
and the center line is drawn on it. 

The inner guide iron is now taken away, and the core prints for 
tiie bolt recesses are put in place. Then the brick and loam work 
is built up to the pabn, and the root of the blade is smoothed in by 
band. 

A seat is prepared for the cope. A layer of parting sand is 
put over the swept-up surface of the blade, thickness strips giv- 
ing section of the blade at different radii are put in their position 
as shown by the center line, and the spaces between them are 
£Iled in with damp moulding sand, gently rammed and stricken 
smooth, to give a fair surface with the thickness strips. This 
gives a copy of the back of the blade. The root is again faired 
in by hand and the surfaces oiled. The cope is built up of a 
mimber of flat plates bolted together and made to correspond 
closely with the back surface of the blade. It is put in place on 
the seating prepared for it, and is clamped fast to the foundation 
plate. A clay wash is put on the cope to make the loam adhere 
to it, and a layer of about 3/4 inch of loam is laid over the image 
of the blade. Bricks are then bedded in it, care being taken to 
wedge them tightly in the cope, loam being used at the frames of 
the cope to help hold the bricks. The joints are covered over and 
marked to ensure the cope going back into its exact place. The 
cope is removed, the sand blade and the thickness strips taken 
away, the palm is removed, the surfaces are sleeked smooth with 
filurry where necessary, vents and risers are provided for, as is 
also the gate into the mould. The surfaces are then black washed, 
and the mould dried in the oven. 

This having been done, the cores for the bolt recesses and for 
the receas ia the face of the palm are placed in position, and the 
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cope is secured in place, after which the mould is put into the 
pit, etc. 

The metal must not be too cool when run, as it would not fill 
out the edge of the blade. A good head is necessary, and large 
vents and risers at the top edge, to allow some metal to run off 
and get a sound casting. 

To get anywhere near the same pitch in the different blades, the 
metal must be of the same composition and must be run at the 
same temperature. The same time most be allowed in each, case 
before easing the mould (at least three hours), and then the blade 
should be allowed to cool in the mould. The hub may he cast 
either in dry sand or in a loam mould. 

The material used is generally manganese bronze, which is, prop- 
erly speaking, a brass, being a copper and zinc alloy, with a small 
addition of ferro-manganese. The manganese bronze used in the 
propellers of the TJ. S. S. Charleston, consisted of 100 parts cop- 
per, 40 zinc and 3.5 parts manganese. The latter was added to 
the molten copper and zinc in the form of ferro-manganese con- 
taining 20 per cent manganese. The melting was done in a re- 
verberatory furnace. 

Wm. H. Cramp & Co. melt all of their material for manganese 
bronze castings in crucibles, finding that they get much better 
results. 

For the Cincinnati and Baleigh, the hubs were made of 56 parts 
of copper, 45 of zinc and 5 of ferro-manganese containing 80 per 
cent of mangancEC. The blades are of naval bronze, with a small 
bit of ferro-manganese added. 

The blades for the Charleston's propellers were cast in a verti- 
cal position, tips of blades down, with a large rising head on flange 
of blade. The Baltimore's, Philadelphia's and Newark's blades 
were moulded in loam from a pattern, and were cast on edge, with 
six pouring gates on the upper edge and a large riser on the flange 
at root of blade. Sometimes blades may be cast in a nearly hori- 
zontal position, but so inclined that the root and palm of the 
blade lie above the thin tips of the blade. 

Question No. 5. — Describe the machine work necessary to put a 
cylinder casting, as received from foundry, in condition for going *k 
ship. 

The casting must be carefully examined for flaws, shrinkage 
cracks, blow holes, and other imperfections, especially the bore 
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of the cyliader (when there is not a liner), to see that there are 
no flaws that will not bore out. Sometimes the steam passages 
are tested by filling them with water. See that the cores for the 
port nozzles and steam chests have not shifted, and that the valve 
seats are perfect. When thoroughly cleaned and found sound, the 
casting is taken to the machine shop, where it is first measured to 
see that there is metal enough for finishing it to the proper di- 
mensions. It is then lined off, and a flange is planed off to serve 
as a datum plane. It is then put in the boring mill to be bored in 
the same position, either vertical or horizontal, in which it is to 
work. Cylinders of large diameter are generally bored in a verti- 
cal position, whether they are to be used in that way or not. The 
bore of the cylinder is then plumbed up; lines are drawn across 
the faces of the flanges, and four points are trammeled on these 
lines to see that the cylinder is not distorted while being secured 
to the bed, which is then done. The boring bar is placed in posi- 
tion, but before boring, the correct position of the cylinder is veri- 
fied by attaching a thin batten to the cutter head and letting it 
travel through the cylinder. 

In boring a cylinder it is best not to take more than two cuts, 
as the metal near the surface as cast is harder than the interior 
part. If a wearing liner is to be fitted, it does not matter so 
much about the hardness nor about the perfection of the surface. 
From three to five cutters are fitted in the boring bead, which are 
set to take successive cuts. They should only leave enough metal 
to be removed to allow one finishing cut to be taken. 

After the first cut is finished, the cylinder should be again 
trammeled to see if it has sprung at all during the process. It is 
well to release some of the holding-down bolts for the finishing 
cut, to make sure that the cylinder is not distorted by being 
clamped fast, leaving only a sufQcient number fast to hold it for 
the light finishing cut. 

If everything is right, take the finishing cut with flat tools, 
without stopping the cut till the bore of the cylinder is finished. 
Next counterbore for the travel of the piston and for the boss on 
the cylinder head. Also bore out for the piston-rod stufiing box. 
Then set a traverse head on the boring bar and face off the flange 
for the cylinder head. 

It is also well to face off the inside of the cylinder head to the 
exact shape of the piston, bo aa to obtain the maximum amount 
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of clearance for the piston, as, when but small clearance is allowed, 
a hardly perceptible rise on the inner aide of the head may de- 
stroy all clearance. 

If the cylinder has piston valves, the valve chests are next bored 
ont, and the flanges are faced off. Next the casting is taken to 
the planer, where the flanges and brackets are faced ofF, the work 
being laid off from the bore or axis of the cylinder and from the 
datum plane as established in the beginning. Holes for bolts and 
studs are drilled and tapped in the flanges, and the stnds are fitted 
in place; core holes are bored out and tapped, and the core plugs 
are screwed in and secured. If a cylinder liner is to be used, it i» 
turned to size and bored, but not finished, and is then forced into 
the cylinder barrel. Bolt holes are drilled for securing it, and 
body bound bolts are put in. The cylinder is then centered on the 
boring mill, and the finishing cut ia taken through the lining. 

The valve-seat linings are generally cast solid, but those for th© 
Cincinnati and Kaleigh were cast with the ports in them. These 
are next turned and bored, except the finishing cut. The valve 
ports are laid out and drilled, and are cut and fitted to size. 
These linings are then forced or drawn into the valve chests up to 
a collar, and are secured at the ends by pins tapped half into lin- 
ings and chests. A finishing cut is then taken with a boring tool. 

The stuffing box of a cylinder, having been bored and turned, 
is fitted to the cylinder, holes for the studs are laid out, drilled 
and tapped, and the studs are screwed in. The cylinder cover 
having been turned and faced, both inside and out, and the bolt 
holes having been drilled, it is fitted in place, and the holes are 
laid out on the cylinder flange, drilled, tapped, and the studs are 
screwed in. 

Special attention must be paid in boring the cyhnders and lin- 
ings to see that there are no blow holes on the wearing surfaces; 
wherever holes are discovered they must be probed with a wire to 
determine their extent. 

The steam passages must be carefully examined to see that they 
have the proper area of cross-section throughout, for it some- 
times happens that the area is contracted by an improperly placed 
rib, by the fins not being cut out, or from the fact that the recess 
in the cylinder head has not been properly made. The bores of 
the cylinders and of the valve seats must be accurately measured, 
must be cylindrical and of uniform diameter throughout, and 
their axes must be exactly parallel. The bores must be smooth. 
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free from blow and sand holes. The holes for drains, indicatoie, 
eteam-jacket pipes, etc., are drilled, and are either tapped out to 
permit pipes to be screwed in, or else they have studs fitted or 
bolt holes drilled in the flanges. 

Question No. 6. — Describe th$ machine work on a built-up pro- 
peUer. 

The huh, having been cast, cleaned, etc., is tamed down on the 
outside, center lines are marked through the centers of the Beat- 
ings for the blades, these center lines being circles that pass 
around the hub in fore and aft planes. The seats for the flanges 
are bored and faced, and the huh is bored to flt the taper of the 
shaft accurately, a sheet-iron template being used for this pur- 
pose. The hub is then counterhored for about 1 inch for the cas- 
ing on the shaft. Key ways are cut in the hub to correspond with 
the key ways in the shaft. The hub must fit the shaft snugly and 
the keys must drive tight. The flanges or palms of the blades are 
turned to fit the hub accurately, so that when the blades are bolted 
down they are firmly seated, and so that as Uttle strain as possible 
will come on the bolts from the thrust of the screws. 

The fair water Hue piece is fitted to the after end of the hub, 
and the zinc armature to the forward end, both being secured 1^ 
manganese bronze holts. 

Test pieces cut from the blades, or cast with them, should show 
a tough metal. 

In turning ofE the palms of the blades in the boring mill, a 
guide iron should be secured horizontally to the table, so that the 
blade at the radius of the center of pressure will rest on it, and 
then the blade should be so adjusted that it will have the proper' 
lean back (if of such design) and also the right length, A gauge 
can be made and the edge of the palm marked while the blade is 
in the boring mill, so that when it is set into place on the hnb it 
can be accurately adjusted to the proper pitch. 

After the palms are finished, the work of boring the holes for 
the bolts is taken up, a jig being made, so that the holes in all the 
blades are driUed in exactly the same relative positions and of the 
same size. These holes are made oval to allow for adjustment of 
pitch. The seatings for the bolt heads or washers are faced at 
the same time. 

The blades are filed and buffed perfectly smooth on both faces, 
the edges are trued up, chipped and filed to a sharp edge. Cover- 



izedbyGoOglC 



96 Notes on Steak Enoinebsino 

iug plates for the bolt lecraseB are fitted, the securiDg counter 
sunk head screvs are put in place, and the outer face of the palm 
of the blade is then finished by filing. The covering plates give 
an unbroken outline to the surfaces of the hub. 

The blades being finished, are fitted into their seatings in the 
hub, and the pitch marks are verified by using a guide iron at the 
radius of the center of pressure of the blade. A block fitted with 
a center punch is put in the holes in the palm, and the centers of 
the bolt holes in the hub are thus marked; also the outlines of 
the oval holes in the palm are scribed on the hub, to verify the 
center punch marks. The holee in the hub for the bolts are then 
drilled and tapped out, and the manganese or Tobin bronze holts 
are fitted. The blades being again put in place, washers are fitted 
under the heads of the bolts; then the chocks are fitted to fill the 
oval holes and thus prevent the blade from turning on the hub; 
after which the bolts are put in and properly set up, and the lock 
plates are fitted and secured, to prevent the bolts from turning. 

The covering plates having been put in place, the propeller is 
fitted on a mandrel through the hub, and is either swung in a 
lathe or supported by resting the ends of the mandrel on parallel 
horizontal surfaces, so as to find out whether the propeller is 
properly balanced. This supporting mandrel must of course be 
of uniform diameter throughout its length. If the propeller be 
found to be improperly balanced, it should be corrected, either, by 
taking away some metal near the tip of a blade or else by adding 
weight in the recesB in the face of the palm of a blade. 

After the propeller has been secured on the shaft, the joint at 
its forward end is made tight by caulking the hub down on the 
casing of the shaft, after which the fair water line piece on the 
after end ia secured, making a water-tight joint there. 

Question No. 7. — Describe the machine work on a crank shaft, 
connecting rod, or piston rod. 

For more complete information relative to the manufacture of 
crank shafts than is here given, see the Journal of the American 
Society of Naval Engineers of February, 1891, for a built-up 
crank shaft, and of August, 1891, for a solid crank shaft. 

Ceank Shaft. — The rough forged crank shaft, either iron or 
steel, having been received in the machine shop, is lined off for 
turning, slotting, and planing, care being taken to leave sufiScient 
metal at all poiats for finishing. The centers at the ends are 
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drilled and the crank shaft ia put in the lathe. Weights are b6- 
cared to the face plate of the lathe to balance the weight of the 
cranks. The coupling flange and shaft joiirnaiB are first turned 
off rough, leaving the diameter 1/4 or 3/8 inch larger than the 
finished size. The shaft is next taken to the Blotter, where the 
metal between the crank arms is cut out, leaving enough metal 
for the pins. 

The crank arms are next planed to the proper size. Brackets 
are clamped to the ends of the shaft, bo that it may be centered 
for turning down the crank pins. Struts are fitted between these 
brackets and the crank arms, and also between the crank arms 
(the pins of which are not yet to be turned) bo as to give Btiffness 
to the shaft. 

The pins and faces of the crank arms are turned to their fin- 
ished size, and the brackets on the ends of the shaft are then taken 
off. 

Chocks are secured between the crank arms to ensure stiffnesB, 
and the shaft is placed in the lathe, balance weights being ad- 
justed. The shaft is then turned down to the finished size, and 
the journals are smoothed. 

The several parts of a " luilt up " crank shaft having been forged, 
rough turned and planed at the forge, are sent to the machine 
shop for finishing and assembling. The crank arms are planed to 
the finished size, the sharp edges being rounded off with a file. 
The holes for the crank pins are laid out and marked, to facilitate 
setting the boring bar. Key ways are likewise laid ont and slotted. 

The crank arms are placed in cast-iron rests secured to the 
table of the horizontal boring mill, exactly parallel and the proper 
distance apart, the axes of the crank-pin holes coinciding. The 
boring bar is now put through the holes previously bored in ap- 
proximately correct positions, and about 1/8 inch smaller in 
diameter than the finished size. The holes are now bored to the 
exact size, one hole being 1/16 inch larger in diameter than the 
other to allow the pin to pass through easily. 

The ends of the crank pin are about one inch larger in diameter 
than the body of the pin. Key ways are cut in the ends of the 
pins and the pins are turned to finished size, pieces of hard wood 
being fitted in the key ways to prevent the tool from catching 
while turning the pin. 

The crank arms are laid on a rest on the fioor in the exact po- 
sition they are to occupy on the shaft. A cage of perforated sheet 
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iron is built around the pin to serve as a heating surface. Char- 
coal is nsed as fnel. During the heating process the boles are 
frequently gauged as to evenness of expansion, and, when they 
have been expanded uniformly to the proper size, the fire is re- 
moved, the holes are carefully wiped out, and the pin la inserted, 
a temporary key being employed to maintain it in the proper posi* 
tion. Both arms are cooled evenly with water, the intention being 
that both ends of the pin shall be gripped alike. The holes and 
key ways for the shafting are now laid out in the crank arms and 
are then bored in the manner described for the pins. The ends 
of the shaft are turned to the proper size and the key ways are cut. 
Permanent keys are fitted to the crank pins and are driven home, 
the driving fit being at the sides of the key. The shaft ends of 
the crank arm, one at a time, are now heated, struts being placed 
between the crank arms, and a screw jack being provided for mov- 
ing the shaft back in ease it passes too far through the hole. The 
crank arms are placed either face up or side np, as may be most 
convenient. 

A temporary key is placed in position to guide the shaft to its 
right position. The key ways are laid out in such a manner that 
the cranks will stand at the proper angle with each other when 
the shafts are guided into position as described. Permanent keys 
are then fitted and driven home, and the shaft, being completely 
assembled, is put in the lathe and turned off to the finished size. 
To insure a sohd shrinking fit, the crank arm holes for puia 
and shafts are bored 1/1000 inch to 1/138 inch smaller in diame- 
ter than the ends o"f the pins and shafts, for diameters of 13 to 15 
inches. 

CoNiTEOTiNa Rod. — This is forged as near to shape as possible 
from an ingot of mild steel. The metal between the forks of the 
crosshead end should be cut out under the hammer and then the 
forging of that end completed; also holes through the forked or 
crosshead end and through the crank-pin end should be roughed 
out under the hammer. 

Then the rod is Uned off, marked and tamed to about 1/8 inch 
over Bize. If the forked end has not already been cut ont, it must 
be either drilled, planed and slotted out now, or else this work 
must all be done on slotler. 

Next the rod is put in a boring mill and holes are bored 
through the ends of the rod for the crank pin and crosshead 
brasses. 
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Then the rod is put in a lathe and turned to size and the lathe 
work finlBhed. Then it is pnt in a drill press and holes are drilled 
for the cap bolts at both ends. 

The next operation is to pnt the rod in a planer, where the caps 
are parted from the rod, after which the brasses can be fitted, set 
screws pnt in, and the rod finished. 

Piston Rod. — All work on a piston rod is done on a lathe, ex- 
cept cutting the slots for the keys which secure the piston-rod 
nnts. These are pnt in by drilling and then slotting, or by chip- 
ping and filing. 

The main points to look out for are to see that the rod is ac- 
curately turned to size in all its length and that the distance be- 
tween the faces of the collars is correct. The wearing surface of 
the rod should be ground perfectly true. 

Question No. 8. — Describe the manufacture of any large forging 
of steel or iron. 

For tests of material and inspection, see the, most recent speci- 
fications. 

A solid iron crank shaft is forged by piling fagots of selected 
scrap iron or billets, heating them in a reverberatory furnace and 
welding them together under the steam hammer, commencing at 
the porter bar and gradually extending the shaft. The crank 
arms and pins are built up as solid masses of metal, placed at the 
proper angle with each other. The shaft is forged to such a size 
that all rough spots will be turned or planed ofE when the shaft is 
brought to the finished si3e. 

SoUd steel crank shafts are made from ingots of circular, octa- 
gonal, or elliptical section. The ingot is bottom cast, in a Yerti- 
cal position, and is of uniform section throughout its length, with 
a long rising head of large diameter, which serves for the attach- 
ment of the porter Lar. The diameter of the ingot must be 
larger than the total length of the cranks. The ingot, being 
heated to the proper temperature, is brought under the steaM 
hammer and a rectangular piece of metal is cut out between 
the cranks; the remaining metal, which forms the length of 
shaft between the two cranks, is hammered out. After reheat- 
ing to a high temperature, the shaft is twisted so that the masses 
of metal forming the crank arms stand at the proper angle with 
each other. This twisting is accomplished either by light blows 
of the steam hammer, or by means of an hydraulic press. Trian- 
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gular portions of the ingot are cut oat to define the outer limits 
of the cninkB and of the Bhaft coupling, and the cranks are 
brought down to the proper size under the hammer. The angle 
of the cranks is finally Terified and inaccuracies are corrected. 

The ingots for steel shafts must be made long enough to reject 
ends, especiall; upper ends, which show piping or blow holes. 
Becent specifications provide that at least 30 per cent of the 
Teight of the ingot is to be cut off and rejected. 

The dimensions of the ingot should be sufficient to allow con- 
siderable work to be done on every part of the shaft in forg- 
ing it down to size. This is difficult to obtain for solid crank 
shafts. 

Nearly all steel shafts are now made with an axial hole, either 
bored in the solid shaft or forged. In the latter case, the forging 
ifl done by powerful hydraulic machinery, a mandrel being forced 
through the hole formed in the ingot. The axial hole must be 
carefully examined for cracks and fiaws. WhUe the shaft is being 
turned, a watch must be kept for flaws, which in iron shafts are 
often due to imperfect welding. Test pieces are cut from the 
ends of steel shafts, and from the portions slotted out from be- 
tween the crank arms, which pieces are subjected to tensile, bend- 
ing and quenching tests. 

Chemical analyses are also made from specimens of the shaft, 
to ascertain the percentage of carbon, phosphorus and sulphur. 

The inspector must satisfy himself that these provisions of the 
specifications are strictly adhered to. 

A good indication of the character of the metal is afforded by 
the manner in which it works in the lathe. 

Too much care cannot be taken to have the holes in the crank 
arms, on which the trueness of the shaft principally depends, laid 
out with the utmost accuracy. 

The " Whitworth " process is to apply a pressure of from 6 to 
20 tons per square inch to the fluid metal, the moulds being steel 
cylinders lined with cast-iron bars. These lining bars are pierced 
with holes and covered with ganister, and are made sufficiently 
strong to stand the great pressure. 

If the shaft is to be hollow, a core made of cast-iron bars, 
pierced with holes and covered with ganister, is put into the 
mould, this core being made so that on removing one bar the 
others can be easily removed. The great pressure drives out 
nearly all the confined gases and reduces the length of the ingot 
about 12.5 per cent. 
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These shafts have a tensile strength of 90,000 ponudB per square 
inch, with an elongation of 33 per cent. 

The ingot is forged over a mandrel by hydranlic pressure. 

Queatioti No, 9. — Describe ^ work of iuilding a large boiler. 

The plates and other material are inspected at the place of 
manufacture by an inspector who makes all the tests for quality, 
etc., according to the specifications. 

When delivered at the boiler shop, the plates usually undergo 
another inspection for surface defects, thickness and weight. AH 
steel plates not to be worked in the fire are placed in a pickling 
bath containing about 5 per cent of sulphuric or hydrochloric acid 
in water, in order to remove the mill scale. After leaving them 
in the bath for about aiz hours, they are scrubbed with hickory 
brooms, washed off, and are then put in a tank containing lime 
water, to neutralize the acid. 

Work is begun on the flange plates, which are marked after 
being laid off, and, if necessary, they sheared nearly to size and 
then flanged. 

The shell plates of boilera are marked and planed to proper di- 
mensions, the caulking edges being planed and beveled. The 
rivet holes of circumferential joints of outside courses and of 
joints for the heads on end courses are marked, and the plates are 
then rolled to the proper radius. Usually either a four-roll ma- 
chine is used for a distance of 12 inches or 15 inches from the 
end of the plate, or else this part of the shell is formed by the 
hydraulic flanging machine in a former. 

The longitudinal butt straps are likewise planed and bent to 
shape in a former, and the rivet holes in the butt straps outside of 
the shell are drilled. The separate courses are then fitted to- 
gether and the butt straps are placed. 

The several courses are now fitted together very carefully and 
secured by tack bolts, a few holes of smaller diameter than rivet 
holes having been drilled for this purpose through the sheets. 
Thus fitted together, the shell is brought to the drilling machine, 
and the rivet holes are drilled, using the holes previously drilled 
in butt straps, etc., for guides. Sometimes all the holes in the 
circumferential seams of outer courses are drilled before the sheet 
is bent, but this is not the beat practice. 

Holes for stay bolts and other f^tenings are likewise laid oft 
and drilled. The plates are nest taken apart and the burrs taken 
oS, BO that plates may lie close together. 
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In flanging, formers for the different parts should lie made so 
that the work may he done in aueh a way as to make the parts 
fit weU. 

The flanges for the head aheets are marked off by prick panch 
marks on the line of the bend, and are then heated to a bright red 
heat, after which the flanges are turned by an hydraulic flanging 
machine. Allowance for shrinkage is made, especially in tiu^iing 
the flanges to which the furnaces are secnred. These latter are 
made by using an inside former, the work being done by one 
stroke of the machine. 

After flanging, the sheets are put in an annealing furnace, 
heated to a red heat, brought out on cast-iron bed plates, straight- 
ened, and allowed to cool gradually. 

They should then be pickled to clean off the scale of black 
oxide. 

The flanges are planed or chipped true, the heads are fitted in 
tiie shells, the rivet holes laid out and drilled around the flanges 
and in the cross seam where the upper bead is joined to the tube 
sheet. 

The furnaces, being corrugated, have been received ready made 
from the manufacturer. The back tube sheet and back connec- 
tion sheets, after being flanged and annealed, are fitted together 
and to the furnaces, and aU are secured together by tack bolts. 
They are then taken to the drilling machine and rivet holes are 
drilled, after which they are then taken apart and burrs cleaned 
off. 

The center lines of the furnaces are marked on the back tube 
sheets, and when they are taken apart the tube holes are laid off 
and drilled with special cutters, after which the sheets are as- 
sembled and riveted together. The furnaces having been fitted in 
the heads or in the front tube sheets, the centers are marked and, 
the flue being removed, the tube holes are laid off and drilled. 
Manholes are cut and strengthening rings are fitted and riveted 
to the head sheets. ComerB of flanges where more than two laps 
meet are drawn down by hand. 

The angle irons are riveted to the top and to the bottom of the 
back connections, then the seams on outside and inside of the back 
connections are caulked. The seams of the shell, after being 
riveted, are caulked, the inside seams being done flrst to hurry the 
work (hydraulic riveting is used when practicable). The furnaces 
and back connections are now put into the shell, and are blocked 
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up aBd wedged into position. The front heads are fitted in the 
shell, and are first secured by tack bolts and then riveted. The 
shell has been fitted close to the fljinges, which are drawn to- 
gether by bolts, the operation being assisted by a heavy hammer. 
Where necessary, local heat is applied to briug the shell closer to 
the flanges. 

The parallelism of the tube sheets is next verified, and a few 
tubes are put in to iusare coincidence of the hol^ in tube sheets. 

The holes are drilled through the furnace flanges in the front 
head, and the furnaces are riveted in place. 

The holes for the stay bolts are now drilled in the back connec- 
tion sheets, using the holes in the shell plate as guides. The 
holes are tapped out with a long tap, reached through the shell 
and the back connection plates. Screw stay bolts are screwed in, 
and the nuts are put on with stifE putty in counter sinks on faces 
of nuts. Before putting on these nuts, the shell is caulked around 
the stay bolts to make them tighter. 

Gusset plates and other braces to the top of the back connec- 
tions are secured. The holes are then drilled for the screw stays 
between combustion chambers (if not previously done) and those 
screw stays are fitted and secured. The washers having been 
riveted to the heads, the braces are put in and secured by inside 
and outside nute. 

Putty ia used to make tight joints of inside nuts. These hav- 
ing been adjusted and screwed up, the outside nuts are put on, 
grommets are put in counter bores on their faces, and they are 
set up hard, using a tackle on the wrench. 

The tubes having been pickled, are ready for putting in, stay 
tubes first. Taps for both tube sheets are on one long rod, ad- 
justed so as to make a continuous thread. The holes in the front 
tube sheets are large enough to let the tap for the back tube sheet 
pass through, tnbes being swelled more on front than on back 
ends. The thread is cut first in the back tube sheet. The tap 
then continues in a plain thread while the front tube hole is being 
tapped out with a taper tap. 

Tubes having threads cut on them are screwed in until they fit 
perfectly tight in the front tube sheet; the back ends of the tubes 
are expanded and beaded over in a recess formed in the tube sheet. 
A ferrule should be driven in the back end to protect the tube 
ends when forced draft is used. 
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Next the ordinary tubes are put in and expanded. These tubes 
muBt be Bwedged out at both ends, but slightly more in front, bo 
that the back end passes freely through the front tube sheet 
Tubes are expanded and beaded over, and their back ends are 
supposed to he protected by a cast-iron ring fitting tight in a re- 
cess in the back head, though a ferrule would be far better. 

Manhole and hand hole plates are stamped out of plate steel, 
the bolts, nuts and dogs are fitted, after which the plates should 
be carefully fitted by chipping, filing and scraping to their places 
in the boiler. Each one should be carefully marked, so that it 
can always be put in its proper position, thus saving the trouble 
of leaky joints. 

All the seams having been caulked, the boiler is ready for apply- 
ing the test pressure, which, in naral practice, is equal to one and 
a half times the working pressure, and which is applied by filling 
the boUer with water, and then building light wood fires in the 
furnaces, gradually heating the water up to about 160°. A part 
of the cold water is allowed to run off in order to regulate the 
pressure, so that it shall not go above 60 or 100 pounds till the 
water is well warmed throughout the boiler. 

The inspector has to be very vigilant in the inspection of the 
plates, watching not only for original defects but for flaws or 
cracks which may develop in working the sheets. No sUel plaie 
should be worked, flanged or himmered at a black heat or at a bhie 
heat, as it ia sometimes caBed. It is better to wor& the metal cold. 
No drifting of rivet holes must be allowed. If the holes do not 
come perfectly fair, they must be reamed and a larger rivet used. 
All holes for hand-driven rivets should be counter sunk at least 
6/16 of an inch. 

Steel braces must not be welded. The ends of braces are upset 
for the Bcrew head. The tubes must fit the holes snugly. After 
expanding and beading over the tube ends, there must be no signs 
of cracking. The ends of the tubes that are to be expanded must 
be annealed. Sheets must lie close, metal to metal, before being 
riveted. During the application of the teat pressure, aU parts of 
the boiler must be examined. There must be no sign of bulging, 
and all leaks must be made tight by caulking. Dutchmen should 
not be allowed in the boilers. 

After the test, every seam and rivet being tight, the holes are 
cut for the main nozzles and for all valves, and the nozzles are 
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carefully fitted to the shell, each joint being filed and aciaped to a. 
good joint. 

The fomace fronts are also fitted, and work is begun on the 
front connections and uptekes, a large portion of which work can 
be done more ezpeditiouely and economicalij while the boilers are 
in the shop than after they are placed in the TesseL 

All this being done, the boiler is painted, the inside cleaned out 
and dried, the tubee and connections of fnmaces are oiled with 
crude petroleum, and the boiler is ready to be put iu the ship. 

Question No. 10. — Describe the work of running lines in a ship 
and erecting her engines in place. 

(This description is of the method employed aboard the Cin- 
cinnati.) 

The engine drawings give the positions of the centers of the 
shafts at the H, P. cylinders and in the middle of the length of 
the stem brackets, above the base line and outboard of the center 
line of the ahip. 

These dimensions are checked oft on the mould loft floor, and 
similar dimei^ions are taken for points on the athwartship bulk- 
head about 3-1/2 feet forward of the engines, and for the after 
end of the stem brackets. 

After the stem tubes and brackets are secured in place and all 
riveting is completed around them, the constructor has the base 
line laid ofE on the outside of the hull, and from this base line 
and the center line of the keel are determined the shaft line cen- 
ters on the after side of the stem brackets and on the bulkhead 
forward of the engines. This is done by means of straight edges, 
levels, rules and plumb lines, the forward points being obtained 
by working up through openings in the hall for two of the out- 
board valves m the forward part of the engine rooms. 

A 3/32-inch diameter hole is drilled through the bulkhead at 
the forward end of each line and a composition bushiug is fitted to 
it, this bashing having a 1/61-inch diameter hole in its center. 

On the after side of the stem brackets, circles are struck from 
the centers found and marked on the steel castings. 

The distance between these end points for the Cincinnati is 115 
feet 6 inches, the length of the stem tube being about 34 feet 10 
inches, and from the after end of the stem tube to forward end of 
the stem bracket is about 27 feet 8 inches. 
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A steel wire is next stretched through these end points from 
the center point in the bulkhead to the wooden treatle work shaft 
the stem brackets, which wire is kept in place for several days in 
order to determine what effect the sun has in warping the hull. 
Pointers are attached to the brackets and to the after ends of the 
stem tubes, and measurements are taken from them on a wooden 
platform built up from the ground. 

Observations made at 5 A. M. and 6.30 P. M., on a bright day, 
gave the same positions for the stem tubes and brackets, and at 
8 A. M. the change was hardly perceptible. 

Wherever a center point is to be established, a piece of pine 
board is secured and, at the center given by the wire, a 1-inch hole 
is bored. 

The telescope is first secured and centered at the after end of 
the stem strut, and then adjusted so that the cross hairs intersect 
on the 1/64 hole in the bulkhead forward of the engines, when it 
is clamped fast by means of the adjusting screws: the target (un- 
covered) is held in front of the 1-inch hole in the board center, 
and a light held behind the board brings the crosshead lines dis- 
tinctly into view. The telescope is then focused on the target, 
and a minute's work suffices to center the target so that the tele- 
scope cross hairs will exactly cover the cross lines on the target. 
The target is then secured in place by thumb tacks. Another 
sight is taken to see that it has not been moved, and, if correct, 
the cover is slipped on and a pair of trammels used to describe a 
circle from this center on the previously chalked surface of the 
steel castings of the stem tube or engine framing. Center points 
are thus established at each end of the stem tubes. 

Por the engine Beatings, a box is made to fit in the pocket of the 
framing, where it is wedged fast, so that a 1-inch vertical slot 
through the top of the box is at the approximate center given by 
the wire, after which the target is used to give the exact center. 
Centers are thus located for both ends of each of the four bed 
plates of each engine, and points are established on the Beatings. 

The work of establishing these points is done either before or 
after working hours, when there is no appreciable movement of 
the hull. 

Horizontal and vertical lines are also established at each end of 
the engine seatings by means of straight edges, levels and plumb 
lines, for use in placing the bed plates and erecting the engines. 
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Before the boring bar is placed in position, a line ie stretched 
through the tnbea and exactly centered at the ends and in the 
middle. The tube ie then carefully calipered to make Bure that 
there is sufficient metal to bore out for the seatings. In the star- 
board tube of the Cincinnati it was found necessary to move center 
line of the shaft down and inboard 1/16 inch, after which aU the 
intermediate center points were again established. 

Before the Tessel is lannched, the stem tube and screw shafts 
and the stem tube shaft stuffing boxes should be put in place; 
also all outboard valves, which last are secured against accident 
by patting blank flanges on them, either on the outside of ship 
or over the inner nozzles. 

A template of the engine bed plates should be made and tried 
on the engine seatings to see that they have been properly built 
to shape and location, and from this template the position of the 
centers of the H. P. cylinders are located on the seatings, the 
template being shifted a little, if necessary, to give better loca- 
tions for the holding-down bolts, etc. 

Aiter the vessel is launched, the bed plates are sent on board 
and placed, either by the centers marked on the seatings, or by a 
line stretched from the shaft axis center point in the forward 
bulkhead to the center point of the stem tube shaft. After the 
bed plates have been bolted securely together, the center line of 
the H, P. cylinder is adjusted by the marks on the seatings giving 
the fore and alt position of the bed plates. The bed plates are 
adjusted in height by jack screws fitted in them, so as to raise 
them the proper height above the seatings, which are generally 
built 1 inch low to allow of adjustment of bed plates by means 
of horse shoes around the holding-down bolts or by wedges be- 
tween the bed plates and seatings. 

The centers for the holding-down bolts are marked through 
the engine seatings, and the bed plates, having been raised about 
15 inches and blocked up, form a good strut from which to drill 
the holes in the seatings. These are drilled a trifle small to allow 
of being reamed after the boilers, etc., are in the ship and the 
engine correctly lined. 

The thrust shaft and bearing can also be put in the ship and 
lined up, by bolting the thrust shaft hard and fast to the forward 
coupling of the stem tube abaft, from which point we must finally 
work, as the weight of the boilers, etc., that are later placed in the 



i by Google 



108 NoTBB ON Steak ENanrsBBraa 

ehlp, or even the launching of the ship will generally make some 
change in the lines run while the ship is on the Btocks. 

The thmet bearing being placed in line as above, the centers 
for the holding-down bolts are marked, the thmst bearing is raised 
and blocked np and the boles for its holding-down bolts are drilled, 
the holding-down bolts are fitted, and the sole plate is secured in 
place. The thrust block can afterwards be eiactly adjusted by 
means of the longitudinal and thwartshlp keys. 

When aU the holes for the engine bed plate holding-down bolts 
(or such of them as cannot be drilled after the bed plates and en- 
gines are in place) are drilled, and when pockets are cut where 
necessary for nuts under the aeatings, the bed plates are lowered 
into place and lined up for the aeatings of cylinder the columns 
by longitudinal straight edges oyer planed surfaces, by means of 
the vertical and horizontal lines run while the ship was on the 
Btocka, and by using the center lines run through the bearings of 
the crank shaft. This being done, and the bed plates being well 
supported by the jack screws or wedges driven between the bed 
plates and seatings, the crank shafts are put on board in their 
bearings. The couplings should come perfectly fair with one 
another and with the coupling of the thruat shaft. 

The condensers, air pumps, etc., that belong abaft the main en- 
gines should be put into place, lined up, and secured to their 
seatings before any parts of the main engines above the bed plates 
are put in, as otherwise the parts of the machinery secured under 
the main engine hatch would prevent any other large piece of 
machinery from being lowered into the engine room. 

The engine columns or guides are next put in, and, the boilers 
having been placed in their places in the ship, the lines used in 
erecting the engines in the shop can be again run and the bed 
plates placed in their eiaet positions by working from the coup- 
ling of the stem tube shaft (seeing that all couplings come per- 
fectly fair) and from the horizontal and vertical lines in the ship, 
to see that the bed plate and columns or main guides are in proper 
position. 

This being done, the rest of the holes can be drilled for the 
holding-down bolts, all boles reamed through the bed plates and 
seatings, the horse shoes around the bolts can be accurately fitted 
and the holding-down bolts put in place and secured. Other 
parts of the engines are now put on board ship and secured in 
position as is most convenient. 
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The connecting rods and ctosb heads are next pnt in place, then 
the reversing engine and shafts are lowered into the engine room 
and Btoved away; also all pumps, the auxiliary condenser, and 
other large pieces of the machinery or fittings. After which the 
cyHnders are put in place as circmnstanees may direct. 

The cylinders being secured in place, the final lines are run, 
usin^ the center or line marks made in the shop while erecting the 
engines on a solid foundation. 

The crank shafts are revolyed to see that they have a perfect 
bearing in their brasses and that the coupUngs are perfectly fair, 
one with the other, the thrust shaft is revolved to see that it is 
in line, and then the line of shafting is coupled up in its proper 
position. 

After this the piston rods and pistons are put in, and all other 
work is erected as it was in the shop. 

The piping is put on the engines, and other piping, having been 
made, but left with loose flanges, is taken on board ship and fitted 
and the position of the flanges marked. It is then taken to the 
shop and the flanges are brazed or riveted in place. 

Qtiestion No. 11. — DescrSie the work of boring out and fitting 
stem tubes and shaft struts. 

These having been secured in place and all riveting finished 
around them, and the lines (as given in question 10) having been 
run, and the center of the abaft marked on the after side of the 
stem strut and on the forward and after ends of the stem tube, 
boring out can be commenced. 

The stage work for the support of the boring bar can be built 
up with heavy timbers from the ground; or a better method, if it 
is possible to use it, is to have the boring bar accurately sup- 
ported from the hull, so as to partake of the movements thereof. 

The boring bar should be a hollow one and perfectly true. 
The method employed in boring out the stem tabes and struts of 
the Cincinnati was as follows : 

The boring bar used was hollow and 34 feet 9 inches in length 
and, therefore, had to be shifted in order to bore out the Beatings 
for the three bnshings in the stem tube. 

In boring out the stem brackets, the after end of the bar was 
set by the circle described on the after face of the bracket and 
the telescope was placed in the after end of the bar, a plate being 
made of such diameter that it exactly fltted into a recess in the 
bar, thus centering the telescope cross hairs. 
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At the other end of the bar in a similar recess, was fitted a ring, 
across which were stretched two fine horse hairs, interBecting at 
the center of the bar, and then the forward end of the bar was 
moved till the telescope cross hairs and those in the forward end 
of the bar were in line with the 1/64-inch hole in the bulkhead 
forward of the engine room. The boring bar having been thus 
located, its end bearings were secured and the center bearing ad- 
justed 80 ae to compensate for the sag of the bar, which had been 
previously determined in the shop. 

The movements of the hull were plainly shown while boring out 
the stem brackets by the cuts taken just before and after the 
dinner hour, the boring bar being supported on a wooden frame 
work built up from the ground. 

In boring out the stem tubes, the bar is first placed in the after 
end of the bar set by means of the circle previously established on 
the after face of the tube; the telescope and cross hairs are again 
placed in the bar and the forward end of the bar is adjusted by 
means of six bolts working in the shell of the stem tube, just for- 
ward of the seating for the middle bushing and working against 
a composition sleeve in which the boring bar revolves. 

The sag of the bar is taken up at its middle by another sleeve, 
which is also adjusted by bolts fitted through the shell of the stem 
tube. 

After boring out the seatings for the after and middle bushings 
in the stem tube, the bar is slipped through the tube till its for- 
ward end projects beyond the forward end of the tube, where 
it is centered by the circle struck on the forward face of the tube, 
the after end being centered by a bushing fitting the seating 
already bored out for the middle of length. 

This way of boring out the stem tubes and stmts is better 
(though more expensive) than having them bored out in the shop, 
for in the latter method they are liable to be thrown a little out 
of line while being secured in their place to the vessel. 

If they are to be bored out in the shop, they are first fitted in 
place and all holes for rivets and holts to secure them should be 
drilled and reamed and the tubes and struts should be securely 
held in place. The center line is run through them and the cen- 
ters are located on their ends by scribing circles (larger than they 
are to be bored out) from the abaft center, to serve as guides to 
bore them out when they have been removed to the shop. 

The bnahings for the shaft hearings and the fair water line 
pieces are all machined and bored out in the shop. 



..Coogic 



NoTBB ON Steak ENaiKEBHiso 111 

The parts are put in place and centers marked for the studs, 

which are screwed into the steel castings to secure them. 

The middle bushing of the stem tube is connected to the after 
bushing by two composition sleeves, and when, screwed together, 
these are all drawn or shoved into the stem tube. When they are 
in place four set bolts are tapped into the stem tube casting and 
are let into the middle bushing to prevent iis tuming with the 
shaft. The forward bushing in the stem tube and the ones in the 
brackets are in halves, to make them more easily removable. 

QuegUon No. IS. — Describe the details of building a condenser. 

The modem condenser ia generally made cylindrical and cast 
of composition, for naval wort using the proportion of 88 C — 10 
Z — 2 T. Usually the body is cast in three sections, the middle 
section carrying all the nozzles. 

At the New Tort navy yard the eections are moulded in loam, 
the process for the middle section being the same as for a steam 
cylinder. A dummy cylinder is first swept up and the pattern 
for the different nozzles and flanges fitted in place, and then a 
loam mould is built around these (for the large exhaust nozzles 
a skeleton pattern is used, the thickness of the ribs and other 
pieces of the pattern giving the thickness of the metal). The loam 
work is first built up flush with the inner surface of the skeleton 
pattern to serve as the core, then the thickness is fitted in with 
damp moulding sand and smoothed ofE flush with the outside sur- 
face and then used with the dummy for building up the main 
mould. Drawbacks are made where necessary for removing the 
pattern or taking the mould apart. Afterwards the dummy is 
cleared away, the patterns removed, the surface of the mould 
smoothed and blackened and put in the oven and baked. The 
cores for all sections are swept up. 

The end sections, being entirely cylindrical, are swept up, the 
only patterns used being those for the flanges by which the con- 
denser is attached to the hull. 

The middle section is cast about 1/2 inch thick, the mould hav- 
ing about 3/8-inch space at bottom, increaiiing to a little less than 
1/2 inch at the top. All parts are cast with the axes in a vertical 
position. The end sections are made 1/4 inch to 5/16 inch 
thick, the mould having 3/16-inch space at bottom, the pressure 
of the metal gaining the other 1/8 inch. 
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In boilding the coree, three relievlDg bare ore built in bo as to 
provide for the quick relieving of the core, bo that the metal 
solidifying and ehrinking ahall not be subjected to any tensile 
strain while still hot and in a rotten state, when the flanges would 
easily he cracked away. 

As soon as the metal is poured a man goes into the center of 
the core and with a bar removes the three relieving bars, and by 
that time, the metal having solidified, the brick work of the core 
may be broken away, allowing free shrinkage. A pit is provided 
in the center of the core for the loose bricks, etc., to fall into. 
The brick work of the mould and of the main nozzle is also 
broken away. 

Quick work is necessary. The core is eased inside of seven 
minutes after the metal begins to run into the mould, and the 
outside is usually stripped within 15 or 30 minutes after the metal 
has been poured. To prevent the metal from chilling while being 
poured into the 1/4-ineh space, it is better to have the mould 
warmed by light fires hung inside the core. 

After being cleaned and having the fins chipped off (it should 
also be washed with a pickle of muriatic acid, 17 of water to one 
of acid) the piece is sent to the machine shop, where it is meas- 
ured to see if it will turn up correctly. If right, it is subjected to 
a hydrostatic pressure of 30 pounds per gauge, and if no flaws 
develop it is put iato a large lathe and the ends are turned to 
length. The joints and the flanges for joining the sections to- 
gether and to the tube sheets are then faced off. 

The middle section is then put on the planer and all the fliingee 
and nozzles are planed to the proper thickness and angle, or else 
are dressed off by hand. Afterwards all the holes for the bolts 
are drilled, and those for the studs are tapped out. 

The main points in regard to the manufacture of condenser 
tube sheets are to see that the tube holes and stuffing boxes for 
the tubes are all cored out to about the Mht size, and^J^t after- 
wards a reamed fitting both parts is itl^d in and thatVl ream- 
ing is done in one operation. Then the stuffing box is tapped out 
for the screw gland. 

The three sections are screwed together by Tobin bronze bolts, 
the joint being made with lead putty. The sections should have 
lips fitting into recesses on the adjoining part to secure tightness 
and stiffness. ' 
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The tnbe eheets are secured to the end sectioiiB by means of 
collar studs, the flanges being flush with each other. These studs 
also eerve to secure the heads. 

The tube sheets are in pairs, so that the tube holes match. They 
are carefully lined in place, so that the tubes shall go in fair. 
Then the bolt holes are marked from those already drilled in one 
of the match flanges, generally the tube sheet, and the sheets are 
taken away and these holes drilled. 

The interior of the condenser is then fitted up with a scattering 
or deflecting plate supported by angles, and hangers are fitted di- 
rectly under the main exhaust nozzle to prevent the steam strik- 
ing directly on the tubes, and forcing it towards the end of the 
condenser. Two supporting plates for the tubes are put in, being 
each drilled to correspond with a little more than one-half of the 
tube sheets. These are placed about 2 inches apart, near the 
centers of length of tiie condenser, and are secured by lugs cast 
in them and bolted to the body of the middle section of the con- 
denser. These plates serve to give each tube a support near its 
center and prevent rattling and sagging of the tabes. Another 
deflecting plate is put in below the top scattering plate, but it 
may possibly be useless except so far as it serves to stiffen the 
supporting plates, which are secured to its edges and which do not 
need other special stiffening. 

All parts of the condenser are of composition except the rivets, 
which are of copper. 

The above parts beiag finished, the tnbe sheets are seciired in 
place and stiffened by four stay rods and socket tubes. These 
rods are of Tobin bronze 3/4 inch diameter. 

A board is bolted over one end of the condenser to prevent the 
tnbes being driven out while being packed and the tubes are 
packed, first one end, then the other. 

A vulcanized fiber grommet should first be placed in the stuf- 
fing box. Then a cotton tape (like a corset lacing) about 60 
inches long, which has been vraxed, is wound around a mandrel 
and driven into the stuffing box with a tool like a wad cutter. 
Then another gronunet should be put in, and finally the screw 
gland inserted and set up. These glands have part of their back 
edges fianged inward to prevent the tube from crawling. 

The condenser heads ate swept up and patterns are used for 
the flanges for securing the injection and delivery valves or pipes. 
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Each head has four emaU bonnets, so that the ends of the tubes 
may be inspected and slight repairs made vithont removing the 
large head. Air cocks are fitted at the highest points of the heads 
in the salt water space. 

The middle section, besides the main exhaust nozzles and air 
pump suctions, hae also a nozzle for a bleeder pipe, one for soda 
injection, one for admitting steam at the bottom for boiling out 
the condenser, and also a man hole on the back of the main ex- 
haust nozzle to allow examination of the interior of the condenser. 

The heads are faced off in a lathe, then the faces for the valves 
and small bonnets are faced off on the planer, then the holes for 
bolts and studs are marked ofE, drilled and tapped. Also the holes 
for the stay bolts are tapped into the tube sheets, staying the 
center of the heads. 

The condensers for the Cincinnati and Raleigh built in this way 
are 59-1/4 iuches inside diameter, 13 feet 5-1/2 inches length over 
all, and have 6990 square feet of condensing surface, there being 
3715 5/8-tubes with exposed lengths of 11 feet 6 inches, or 11 
feet 8 inches total lengths. 

Question No. IS. — Give an outline of the mtthod of fitting and 
erecting steam and exhaust piping, with a statement of the precau- 
tions that should be observed. 

In fitting piping, especially of large size, the pipes should be 
carefully fitted to place, without springing them. For this pur- 
pose it is better to leave the main fiange loose until the pipe can 
be put in position, when the flanges should be correctly placed and 
. marked. They can then be riveted, brazed or burnt in, and after- 
wards the pipes can be put in position again and the bolt holes in 
the flanges marked and drilled. 

Before being secured in place, the pipes should be tested to see 
if they have the necessary strength, and to make sure that all 
seams and flanges are perfectly tight. 

For naval work the flanges of large pipes are riveted on, and 
the pipe itself flanges over into a recess in the face of the fiange. 
Either spelter or solder is run in, according to the pressures and 
temperatures to which they are to be subjected. 

For the pipes around the engines, where they are generally 
short and stiff, slip or expansion joints should be provided for 
each section of pipe between fixed points, to allow for contrac- 
tion and expansion, care being taken that the sleeve of the slip 
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joint cannot pnll out of the stuffing box. This k prevented by 
four or more studs fitted into luge on the stuffing box fiange and 
passing freely through lugs on the fionge of the sleeTes and hav- 
ing nuta on the ends of the stads. 

Slip joints should also be provided for long stretches of pipe 
above 4 or 5 inches in diameter, unless the pipes have bends in 
them, with space to move in during expansion and cobtraction. 

In passing through a water-tight bullthead, the pipe is fitted to 
a slip joint, the stuffing box of which is so fitted that it has a 
small movement in any direction along the bulkhead. 

The pipes must be well supported ao that they will not sag by 
their own weight, which might start the joints leaking. 

Drains must be fitted to thoroughly clear the pipes of water 
and prevent damage by water ramming or freezing in pockets. 
These drain valves and pipes should be large enough to clear 
quickly. Drains from steam pipes should lead to traps, thence 
to a feed tank, and those from the exhaust pipes should lead to 
tanks or condensers. 

Care must be taken that the pipes do not work against anything 
that could wear through the copper. 

For short elbows or pieces having several nozzles, composition 
castings are sometimes used. The Bureau of Steam Engineering 
requires 1 square inch of drain pipe area for each 8000 cubic 
inches of steam pipe, but no drain pipe can be less than 3/4 inch 
diameter. Special care must be taken in draining pipes between 
stop valves, and all low sections of pipe where the water might 
settle. 

Subject No. S. — Stren^h of Hateriala, Ketallu^? and 
Shipbuilding. 

(The use of works of reference is permitted in solving problems.) 

Question No. 1. — Work out the thickness of shell, detail of rivet- 
ing, thickness of furnaces, diameter of braces in steam spaces and 
size and spacing of stays for a cylindrical boikr of given diameter 
and steam pressure. 

Work out thickness of shell, detail of riveting, thickness of 
furnaces, diameter of braces in steam space, size and spacing of 
stays for a cylindrical boiler of given diameter and steam prea- 
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sorej where P^ gauge pressure and D^ diameter of boilet 
(mean diameter). 

Fos THiOENEBB OF SHELL: asBume strength of joint 80 per cent 
of plate and steel 60,000 pounds tensile strength. 

T,_2Kt 



D ■ 



AUoT 1/16" for corrosion (Seaton allows 1/8"). 



E = 



K = safe* working strain on metal, which, with a factor of safety 
of 4-1/2, becomes; 

0,000 X .80 
4-1/2 ' 

,, , , DP , 1 DP X 4^1/2 , 1 

therefore t = ^^^ pins Ig- = 6o,000 X .80 X 2 P^°^ Ifi- = 
thickness of shell. 

HiTBTiNO. — Use double butt straps, treble riveted, of the fol- 
lowing form: 

The outside rows of riyets are used as backers to the inside row 
and by having the large space, increase the proportional strength 
of the plate, which must tear through them first. 

The strength of the plate and rivet must be the same, or as 
nearly so as possible. 

The most important point is to have a joint that can be canlked. 
The idea is to space outside rivets near enough to make a good 
joint and far enough to give strength to the sheet between them, 
making the strap at least 5/8 of the thickness of the shell. 

Double shear equals 1.75 X single shear, which is (say) 23/38 
tensile strength. Assume rivet strength to be equal to .80 of 
sheet. Space rivets 8 inches apart, which gives us five rivets in 
each space . 

We have : 

tX8X60,OOOX.8 _, ^ , ,5 ^ ^ I, 

5 
where a ^ area of rivet; t = thickness of sheets. 

J -aXl.raX2?/28ora- 5 ^ „5 ^ 23 ' 

In other words, the area of the rivet is equal to thickness of 
sheet multiplied by distance of spacing of outer row X per cent 
of joint, divided by number of rivets in the space X strength due 
to double shear. 
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inches leaving 8 — - ■ . 
Therefore 8:8 — -7^= 100 : x . 

The spacing of the inaide rivets ie 1/2 that of the outside and 
fiiey may be staggered or chain of equal strength. — Board of Trade 
Rules (Seaton). 

Fob thicsness op jtjbnaob of cylindrical boiler, we have, if 

made of iron welded or butt strapped: 

^ 90,000 X t* in inches 

(Length in feet -j- 1) X outside diameter of furnace in inches 

...... , , 8000 X t in inches 

P = working pMBsure, if that does not exceed , ., — t-. : — : — » 

° *^ outside diam. in ins. 

which limits the crushing stress on material to 4000 pounds. 

If made with rings, the length should be taken between rings. 

If corrugated, with plain parts at end not exceeding 6 inches and 

plates not less than 5/16 inches, the working pressure should not 

exceed 

9000 X t in inches 



Mean diam. in inches 
If the furnaces be made of steel, cormgated, we have-^ — jz 

= working pressare. T = thickness in inches; D = outside 
diameter in inches. 

Corrugated furnaces made of steel should be rolled and should 
not have flat surfaces of more than six inches in length of fur- 
naces (Seaton). 

Bbacino. — ^The diameter of the braces in the steam space 

C y (T -4- 1^* 
(Seaton) is given by ^ — J" ' = P = working pressure, 

where T = thickness of plates in l/16thH of inch. 

S = surface supported in square inches. 

C^ constant according to circumstances; as follows: C 

= 160 when plates are not exposed to the impact of heat or flame. 

The stays are fitted with nnts, and with doubling plates of same 

thickness as plates they cover, and of a diameter not less than 3/3 

pitch of stays. 
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C = 150 as above, except for etajB fitted with nuts and washers 
(outride) having a diameter of at least S/3 the pitch of the staya 
and of equal thickness to the plates they cover, etc. 

SpAXTINO of 8TAYH. — 

^^ '^q^fi "*" ^^ = ^ = working preeBUre. 

The stays are screwed into the plates and riveted. If nuts are 
used, 1.1 become. 1.8S, »r ''^^ g £.' J "*" " = T- 

In the back connections, C = 90; in outside stays with wash- 
ers under the nuta, C = 150. 

The diameter of the screw stays ie found from the formiila 

, ^ SxP 

areaof stay = ^^. 

6000 pounds being considered the maximum strain per square 
inch of section that should be put on such stays. 

The spacing of stays in both connections, and wherever heat 
strikes them, is generally 7 inches from center to center. 

Question No. S. — Design a crank shaft for engines of a given size, 
from data furnished. 

D = 4,84 y '■ — ' , where n = number of revolutions per min- 
ute, and I. H. P. = horse-power. 

The bearings of the crank shaft should not be subjected to 
more than 500 lbs. pressure per sq. in. of projected area. Pres- 
sure per sq. in. X velocity in ft. per min. must not exceed 9000; 

Area of H. P. cyl. X boiler pressure . , , 
<— T ' ^ projected area. 

Projected area ,_...■ 

DUm..t.hrit =''°g"'°"'"'"°g- 

The crank pin should be of same diameter or a little larger 
than the shaft (say 1 inch) and the prraenre should not exceed 
700 lbs. per sq. in. of projected area, and pressure per sq. in. X ve- 
locity in ft. per min. should not exceed 15,000. 

The cbane abub should be 0.7 to 0.8 the diameter of the shaft 
journals. 

Let P = load on piston; L = length of pin plus thickness of 
crank arm; and a = width and b = thickness of the arm. 
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Bending moment = — . 

a = 0.7 or 0.8 diameter of shaft. 
3PXL 
2a*f 

When the shaft has a hole through it, the diameter of said hole 
should equal the half diameter of the shaft. 

The line shaft should be 1/4 inch smaller in diameter than the 
crank shaft. 

The propeller shaft (outside of the ship and in the stem bear- 
ing) is made the same diameter as the crank shaft 

Thbust beabinos. — The pressure on the bearing surface must 
not exceed 50 pounds per square inch. 



per hour; this divided by 50 := area of collars. 
For diameter of collars on thrust shaft, 

the mean normaj thrust = P = s . 

If D ^ diameter of collars, d = diameter of shaft and : 
number of collars; then 

P = 50.f^^)n. 



D = /d 



P 

39n ' 
If T = thickness of collars, then for strength 



n X Jrd X 1000 ~ 3143 d n ' 
In practice, T = 0.4 (D — d). 
Space between coUare if sohd brass = 0.4 (D — d). 
If of cast-iron faced with brass or white metal ^ ,75 (D — d). 
Let T ^ twisting moment on coupling. 

t^ thickness of coupling; r = distance from center of shaft 
subject to a twisting moment T. 

T = 2irrtf X r = aKr»tf; 
T 
t. «., t = ^~M • ^ = strain per sq. in. on section at distance r. 

t should be about 0.3 the diameter of shaft subject to twisting 
only. 
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BoLTB, — (Seaton) d=^ diameter of bolts; n^niimbeF of bolts; 
Ki= distance of center of bolt from center of shaft; D^diame- ' 
ter of shaft (subject to twisting moment only). 



1 ^ I P 



Take K = .8 D; then d = — y ^~ , 

1 is usually taken one for every 2 inches diameter of shaft. 

Question No. $. — Design a piston rod and a connecting rod for a 
fiven engine. 

Piston Bod. 



1 + 



4000 



W = boiler pressure X area H. P. piston. 

f = 4500. 

a ^ area of rod. 

r = ratio of length to least diameter. 

fs 
(Bankine) . = P, total pressure on piston. 

a = 1/4000 for wrought iron or mild steel, 
f = 4500 for wrought iron or mild steel. 
S = area in sq. in. of rod. 

— = ratio of length to least external diameter. 

(Seaton) D = ^^- *'^ P?^- X *^ . 

P = boiler presBure. 
F=60. 

OoNNBonNQ Bod. 

B = ; — ;-—-r. where A = area of cross section of the middle 
1+4 a (r)' 

of rod. 

a = 1/3000 for wrought iron or mild steel, 

r = ratio of length to least diameter. (Estimated.) 

f = safe working load for iron or mild steel — 3000 about. 

E = load on rod. 
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. The diameter of the rod giyen by above rule is for the croBshead 
"end. 

At the crank-pin end increase the diameter of the rod, in the 
direction of its vibratory motion by continuing its taper, and re- 
duce the thicknesB at ijie sides by planing, making the area of 
cross section = 8 to 10 per cent greater than at the crosshead 
end. 

To determine the load on the connecting rod, R is found from 
the formula 

P X 2L 



K= - 



V 4L' - S' ' 
trhere P = load on piston. 

L = length of rod. 
S = stroke of piston. 
If D^diameter of middle of rod; L^length of rod; '. 
effective load on piston in lbs., then 



In calculating the maximum strength of cap bolts at bottom of 
thread, use 5000 lbs. for iron, and 6000 for mild steel, per sq. in. 
of section. 

Queaiion No. Jf. — Work out the prineipai dimensions for the ct/lin- 
ders of a given engine, including steam ports. 

CYirNDEBS, 

To find the thickness of a cylinder: 

t = + c, where t =^ thickness in inches. 

p = maximum steam pressure in cylinder; d = diameter of 
cylinder in inches; c = allowance for boring on account of varia- 
tion of thicknesB of metal, reboring, etc., and varies with diameter. 

A safe allowance is, c = .01 d. 

The least thickness required to ensure a good casting is given 
by the formula t = .18 d, and this formula must be used when it 
gives a higher value than the first formula (for east iron). 

The size of the ports will be based on the velocity of steam into 
the cylinders, viz.: 125 feet per second for H, P.; 150 for LP. 
and 175 for the L. P. (these velocities are high). The exhaust 
should be, say 100 for H. P., 125 for I. P. and 150 for L. P. Say 
one piston valve for H. P., 2 piston valves for each L. P. and I. P. 
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The port opening for H. P. cylinder is given by the fonnnla 
Piston apeed per second X area of H. P. piston 



ABBoming a port opening of 3 inches, and remembering that 
1/4 of the area of the opening is taken up by ribs, we have : 

Area of port openiiK . , 

r r ^ ^ = circmnferenee. 

.75 X * 

^^^J2£^|ffiS = diameter of pirton ™Ive. 

If the I. P. and L. P. have two piston valres, take half the 
area of the opening and find the corresponding diameter. 
For.theLP., 

Piston speed in ft. per sec. X area of piston , , 

150 ~ *^^ ** 

opening 
For 3'inch opening, 

Area of port opening ,. , , , . , , 

.75 X 2 X 2 X 3.141^ ^ ^* 

In a similar way we establish the L. P. port opening. 

100 

the port should be 3.5 inches wide and should be open to steam 3 
inches. 

In a similar way we establish the I. P. and L. P. port openings. 
For thickness of the cylinder fiange (see Seaton). T = thick- 
ness; f := a constant = thickness of cyl. -|- .36. 
T = f X 1-4 = (t + .25) 1.4. 
T of cylinder head = f X 1-3. 
For thicknesB of piston and packing, see Seaton. 

Question No, 6. — fftre a Irief outline of the process of making cast 
iron, explaining Acw the different qualities are produced. 



In making cast iron the nature of the ores govemB the ixa 
required. The fuel, which is charcoal, coke and anthracite coal, 
modifies the iron made, as does also the temperatnre maintained 
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in the furnace. The ore is in Bome cBsee roasted to expel the 
volatile matter and moisture. It is then mixed with a certain 
quantity of flux, and the fuel is added to make a charge for the 
cupola hlast, either hot or cold. The nature of the cast iron is 
determined by the charge. Commercially, there are six grad^, 
No8. 1, 3 and 3 are foundry iron. No. 1 being the Boft^t. Nos. 
4, 5 and 6 are for the forge. 

Question No. 6. — Qive a Irief outline of the common msthod of 
making wrought iron bars or plates. 

Wbouoht Ihon. 

Pig iron Nob. i, 5 and 6 is put into the puddling furnace and 
partially melted or puddled. When in a pasty condition the ball 
ifi taken out and sqeezed or rolled into blooms, which are cut up, 
piled, raised to a welding heat, and hammered into barB, which 
bars are rolled into bar or sheet iron. 

The oldest and moat expensive method was to take the char- 
coal pig and heat it in an open forge filled with charcoal until in 
a pasty mass. This was then taken to the squeezer, squeezing out 
the siUcatea and impurities, and then working into blooms, which 
were made into bar or plate iron as required. 

Question No, 7. — DescrUe briefly the principal methods of mdhmg 
steel used in machinery and structural work. 

There are two processes of making machinery or structural 
steel, the B^semer process and the open-hearth process. 

(1) The converter or Bessemer process. In this process molt«n 
pig is run into the converter, which has a basic Hning. The vessel 
is then inverted and air ia blown through until the metal decar- 
bonizes to a little below the desired point. It ia then recarbon- 
ized by the introduction of f erro-manganese or of spiegeleisen. 
The time occupied is about 18 minutes for each charge. 

(3) There are two methods of producing steel by the open- 
hearth process, the acid and the basic processes. In both meth- 
ods the details of construction of the furnace are the Bame, except 
as to its lining. 

In the former method the lining is high In silicon and has prac- 
tically BO effect on the charge. The charge must he as free as pos- 
sible from impurities, such as phosphorus, and is made up of 
scrap, pig, and more or less ore, according to practice. It takes 
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from four to twelve honre to complete the proceBa. In this as in 
the Bessemer and the basic processee the charge is decarbonized a 
little below the desired point, the silicon and manganese being 
meanwhile btimed oat. The charge is then recarbonized as in 
the Beeaemer process. 

In the basic process the furnace is lined with dolomite, and lime 
.is added to the charge as may be found necessary. The object is 
to keep the slag in a basic state and so to dephosphorize and to 
some extent desulphurize the charge. The advantage of the basic 
process is that a cheaper grade of pig can be used to produce the 
same grade of steel. 

Qwttion No. 8. — Explain in a gmeral way the manufacture of 
vaiioua kinda of brasses or hromes, explaining how the proportions 
of the ingredients affect the principal qualities, stLch as strengih, 
hardness, britfleness, etc. 

Brass or bronze is made by mixing copper, zinc and tin. The 
metals of the highest melting points are first melted, and experi- 
ence alone can give any degree of perfection in making the re- 
quired bronze or brass. 

A mixture of copper and zinc is usually called brass, and is 
fairly tough but too soft. All others are called bronzes. An im- 
portant point is to have pure copper and other metals. The va- 
rious proportions give metals of different qualities. Tin gives 
toughness to metal. Zinc makes a soft metal. A very tough, 
strong metal is made of copper 50, zinc 45, iron 5; this mixture 
is about the same as Tobiu bronze. Manganese has tendency to 
make metal brittle; antimony has a similar effect and also hard- 
ens. Naval brass is 62 copper, 1 tin, 37 zinc. Many of these 
mixtures are benefited by rolling. Hammering adds to the 
hardness. For bearings use a mixture of copper 6, tin 1, zinc 1/4. 
Ordinary metal used in the service is 88 copper, tin 10, zinc 2; 
a very strong spring metal is made by the use of phosphor tin 
instead of ordinaiy tin. 

It is best to use new material, but good results in large castings 
have been obtained by the use of old composition of loiown pro- 
portions. 

Lead reduces the strength. 

Aluminum strengthens. 

The greater the percentage of tin, the harder the mixture. 
Muntz metal is 3 of copper, 2 of zinc. 
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Question No. 9. — Explain in a gentral way the mamifaeture of 
the ao-calUd " white metals " or " anti-friction " metals, the way in 
which ihey are used, and the reasons for their use. 

The composition of many of the Bo-called white metals is secret. 

A good white metal is made by mixing two mixtures, one of cop- 
pet 1 and tin 6, and the other of antimony 1 and tin 6. 

Babbitt metal is 10 parts tin, 1 copper, 1 antimony. 

Fenton's white metal, used for stem bushes, etc., is 79 parts 
zinc, 16.6 tin, and 4.4 copper, and is fairly tough and hard. It 
may be used in water, and resist wear very well. 

I>eozidized metal ia 96 parts tin, copper 4, antimony 8, 

The white metals are used in bearing brasses to reduce fric- 
tion and are put in in several ways, principally in alaba or pro- 
jecting from round holes. The bearing surfaces should stand 
about 1/8 beyond brass. They are usually cast in place and 
peaned, then hored and scraped to a fit. 

The advantages of these white metals are that they can be 
easily renewed, and can be fitted when hot. They do not cut the 
bearings like hot brass, are not liable to crumble, and the meth- 
ods of fastening them to brass leave oil ways. 

The white or anti-friction metals are melted and poured at 
temperatures that will char white pine. 

Question No. 10. — Explain the methods of framing used in war 
vessels constructed of steel, particularly in the space to he occupied 
by machinery. 

In large steel vessels of war there is generally no external keel, 
the fiat plate keel being used, consisting of an inner and outer 
plate to which a vertical keelson plate is secured by double angle 
irons. The plates of which the vertical keelson plates are made 
ate as long as possible, at least twelve feet, and are joined to- 
gether by double butt straps extending between the upper and 
lower keelson angle bars. The keelson angle bars are worked in 
the longest lengths procurable, and their ends are connected by 
pieces of angle bar long enough to take three rivets in each flange 
on each side of the joint. Throughout the inner bottom, the butt 
straps and angle irons are caulked, thereby forming longitudinal 
water-tight divisions in the double bottom apace. On each side of 
the vertical keelson there are two or more other longitudinal 
frames or " longitudinals," which stand at right angles to the hot- 
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torn plating and framee. Tbeee are deeignated as the let, 2iid, 
etc., longitudinalB from the keeUon reBpectively, and, in a ship 
built on the longitudinEil Bystem, are continuous throughout the 
length of the ship as far as they can be carried. 

The transverse frames throughout the double bottoms in snch 
a ship are vorked in short lengths or inteicostally between the lon- 
gitudinals. Beyond the limits of the double bottoms the frames 
are continuous from the outboard longitudinal to the protective 
deck, and from thence to the upper deck. Above the turn of the 
bilge intercostal longitudinal stringers are worked between the 
frames. 

The 2nd or 3rd longitudinal on each side of the keelson in the 
double bottom is made water-tight, so as to form water-tight 
spaces between themselves and the vertical keelson. The inter- 
mediate longitudinals have holes cut through them sufBciently 
large to allow easy access for cleaning and painting the com- 
partment and for drainage. The transverse frames throughout 
the double bottom spaces are placed from 3 to 4 feet apart 
and consist principally of angles, reverse angles and bracket 
frames, worked intercostally between the longitudinals. When 
more rigidity is required, as under the engines, solid plates are 
put in, lightened by holes. 

Under the engines and boilers, longitudinal girders are built to 
stiffen the ship and to sustain the weights. 

Another system of framing is called the transverse system. In 
this the frames are continuous from the keelson up to the rail or 
to the armored deck (if such a deck be fitted), and the longi- 
tudinals are built intercostally between the frames. 

The frames are connected together athwartships and the decks 
are formed by the beams, which are also again braced by steel 
longitudinal deck stringers, secured to the beams, in case of a ship 
not having a complete steel deck. 

Question No. 11. — Explain method of water-tight subdivision used 
on board viar vessels. 

The water-tight subdivision of ships is accomplished by fitting 
horizontal water-tight decks or shelves, vertical transverse and 
longitudinal bulkheads, and in many ships by having an inner 
bottom, the double bottom being divided up into a number of 
water-tight compartments. 
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In ships built on the bracket system, solid plates are substi- 
tuted for the brackets every 16 or 20 feet. The spaces included 
between the inner and outer skins, the vertical keelson, the water- 
tight frames and the water-tight longitudinals form water-tight 
compartments. The double bottom in some of the largest war 
ships is divided in this way into more than a hundred water-tight 
compartments. 

The forward transverse water-tight bulkhead is called the 
" collision " bulkhead and there is sometimes a similar one fitted 
aft, which is made tight where the shaft passes through by a 
stufBng box. Other transverse water-tight bulkheads are worked 
into the ship at specified distances, dividing the machinery and 
boiler spaces into a number of compartments. _ 

These, at each end of the double bottom, extend to the outer 
bottom, and all extend np at least to the armored deck, and often 
to the next deck above. 

The main longitudinal bulkheads are the middle line bulkhead 
and those forming the wing passages and coal bunkers. The 
middle fore and aft bulkhead, in twin-screw ships with vertical 
engines, separates the two engine rooms, but this cannot be used 
in twin-screw ships with horizontal engines. 

In the latter case the engines are placed in compartments one 
ahead of the other. The water-tight bulkheads are stiffened by 
angle or tee irons running vertically on one side and horizontally 
on the other. 

The subdivision of the ship into water-tight compartments 
should be at least such that, if any two compartments should be- 
come filled with water, the ahip will still have an excess of buoy- 
ancy and remain in stable equilibrium. 

Question No. IS. — Explain the framing and working of plates at 
the stem post and where the shaft tubes are attachsd. 

[Note bt RBvi8KR.^The answer to this question is missLag 
from the original notes, and as a subject belonging almost en- 
tirely to the subject of shipbuilding, it has been deemed wise not 
to take it up here,] 

Question No. IS. — Explain the drainage system and its connection 
to the engine-room pumps. 

The drainage system of a ship is for collecting the water to be 
pumped out so as to make it accessible to the ship's pumps. 
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For clearing ■water from the main compartmentB above the in- 
ner bottom, main and aecondary drain pipes 13 to 14 inches in 
diameter are worked through the double bottom, one on each side 
of the vertical keel plate and extending throughout the limits of 
the double bottom, two ciatems for each drain pipe being fitted 
to receive the drainage. A large pipe is fitted to each drain pipe 
in each compartment and provided with non-return valves at the 
inner skin, which valves can be conveniently operated by means of 
rods from above the water line of the ship. Water collected 
above the water-tight longitudinals, drains through small branch 
pipes to the maia and secondary drains, and the compartments 
near the ends of the ship outside the double bottom space are 
drained in the same manner. The water collected on the inner 
skin in the engine and fire rooms is usually conveyed to the main 
and secondary drains through short drain pipes provided with 
strainers fiush with the skin and with nou-retum valves at the 
junction with the large drain pipes. Sometimes a separate sys- 
tem is provided for freeing the crank pita from water, though 
they usually drain direct into the main cisterns. 

To free the double bottom compartments a suction pipe pro- 
vided with a strainer is fitted in each compartment and passes 
through the inner skin with a water-tight joint. 

These pipes are connected to manifolds provided with valves 
for each pipe and also with a valve connecting with the suction 
pipes of the various pumps, both steam and hand. This admits 
of pumping from any one of the compartments independently of 
the others. 

The main bilge pumps (if provided) will pump all ordinary 
amounts of water collected, and they are connected with the main 
cisterns of the main drains. The main circulating pumps can be 
utilized for freeing the bilges of large amounts of water, dis- 
charging either through the condensers or directly overboard. 

Question No. IJf. — Explain the precautions to be taken in attach- 
ing valves to the hidl to maintain the strength and prevent corrosion. 

Each valve is attached to the hull by means of a suitable ring 
riveted to the hull and caulked. Holes are drilled (not through 
the rings) and tapped. Manganese or Tobin bronze bolts are 
used to secure the valves to the strengthening rin^. 

A zinc ring is bolted to the shell, forming a lining for the hole 
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to prevent corrosion. When strainers are used they should be 
attached to the valve chamber and not to hull. 

The hull must be kept well painted. 

Where the valve is to be on the inner skin the same precautions 
should be taken, and a vPTOUght steel or cast pipe must be riveted 
to both inner and outer skins. 

Stuffing boxes are fitted at the inner skin around pipes which 
are not riveted to that skin. 

Qjiestion No. IS. — Explain the fitting of decks and framing of 
hatches near the machinery compartments. 

Where hatches are fitted for engines and boilers, the deck 
beams are cut, and a fore and aft frame fitted and secured by 
angle plates riveted to the fore and aft pieces and to each of the 
cut beams. Those are supported either by fore and aft bulkheads 
or by stanchions. 

Along the deck on each side of the hatches is a fore and aft 
plate riveted to the beams and frames, thus for min g a stringer. 
Angle irons are riveted around openings for the hatches and a 
compOBJtioD casting (rabbitt) is riveted at each comer, to which 
the plates are secured, thus forming the combings. At the upper 
sides of these plates half round heading is riveted. 

Question No. 16. — Explain briefly, center of gravity, center of 
buoyancy and metacenter. Discuss briefly the considerations that 
effect sltd)iUty and stiffness. 

The center of gravity of a vessel is the point through which 
the resultant of the forces of gravity acting on each particle of 
the mass of the vessel, acts in a vertical direction. It is a fixed 
point in the vessel, and remains unchanged as long as the disposi- 
tion of her weights remains unchanged. 

By the buoyancy of a ship is meant the upward pressure be- 
neath or the support given her by the water. 

The weight of displacement of a ship acts vertically downward 
through its center of gravity. Hence also, the upward fiuid pres- 
sure (or buoyancy), must be equal to the weight of water dis- 
placed, and must act through the center of gravity of the dis- 
placement. This point is called the " center of buoyancy." 

In case of a vessel floating at rest in still water, the only forces 
acting vertically are the weight of the ship downward through 
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the center of gravity, and the buoyancy upward, through the cen- 
ter of buoyancy, and since these balance, the center of gravity of 
the ship, and the center of buoyancy, must be in the same fore and 
aft vertical plane. If the ship be heeled by some force, the center 
of gravity of the ship is in the same position as before, but since 
the shape of the volume of displacement is changed the center of 
buoyancy will also be changed, and a vertical line through this 
point will cut the original vertical plane passing through the cen- 
ter of gravity at some point. This last point is called the " meta- 
center." The vertical distance between the metacenter and the 
center of gravity is called the " metacentric height," 

A ship is said to be in stable equilibrium when the metacenter, 
under the conditions given above, is in the vertical plane above 
the center of gravity. On the other hand if the metacenter is in 
the vertical plane below the center of gravity the ship is in un- 
stable equilibrium. 

The vertical distribution of the weights in a ship determines 
the height of the center of gravity and consequently the meta- 
centric height. 

By altering the shape of the ship and varying the under water 
form, the metacentric height, and consequently the stability and 
stiSnesB of the ship, may be altered, still retaining the same dis- 
placement. 

Subject Ho. 6. — Economioi of ICaohiner;. 

Question No. 1. — Explain briefly the advantages and disadvan- 
tages of high steam pressures and fmiUiple expansion engines both for 
marine mMkinery in general and for war vessels. 

Where high pressure and multiple expansion engines are need, 
less space is occupied for a given I, H, P., and the loss due to great 
differences of temperature is reduced by the use of a number of 
cylinders. 

The greatest gain is in the uniform crank effort, obtained 
thereby, which gives a great saving in wear and tear of machinery. 
The machinery can be made much lighter as a result. Where 
high pressures are used, the disadvantage is in the high tempera- 
ture and consequent difficulty in making joints and in the use of 
lubricants, and also in packings burning out. Also there is more 
expense in building, and greater care must be taken in the selec- 
tion of material. 
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It is not thought that there is any gain except from a me- 
chanical point of view. The wear and tear is of course less, and 
the machinery is more accessible and more easily handled, as the 
fUHa are smaUeT. 

Queal^tkNo. 2. — Discuss briefly the advantages and disadvantages 
of the vaninm^les of valve gear and valves in general use, and of 
those whi(A are t^a^w special cases where saving of weight and space 
is important. 

The valves in general n9%K6 slide valves, either flat or cylin- 
drical> bnt usually piston valvs«{QT marine use. The flat slide 
valve is in various formSj usually Ah single or multiple ported 
kind. 

The advantages of the common elide vaTv» we its cheapness of 
construction and maintenance and its reduced dt^ance for ports. 
The disadvantages are its size and great friction feur high pres- 
sure, eaufiing much work to be lost In moving the valvea; also its 
great weight. The piston valve's only advantages are its light- 
ness, and the fact that it is balanced. It is more difficuH to 
manufacture and to keep in repair, and it has excessive clearance. 

The gears usually used to control valves in marine use are the 
link, single eccentric Marshall and modification, and the Joy or 
radial gear with modifications. 

The advantages of the link are simplicity, and ease of keeping 
in repair. Its disadvantages are inequality of motion due to 
angularity, and the great space occupied. With the other gear we 
can have the motion required for the valves, but have the disad- 
vantage of too many connections, the excessive wear due to that 
cause deranging the movement, unless the rods are constantly 
watched and the pins frequently renewed. It takes less space 
than the link and is lighter and more easily operated. 

Question No. S. — Discuss briefly the considerations that govern 
the choice of a particular style of boiler, noting the relatvve merits of 
shell and coil boilers. 

In selecting a style of boiler, the choice is governed by the 
pressure to be carried and the space to be occupied by, whether 
rapid or slow combustion is desired, and by the rate of movement 
of the gases. 

The relative heating and grate surfaces, and the speed of the 
euj^e must also be considered. 
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Water tube boiJeiB are, for small bigh-Bpeed craft where weights 
are to be carefully considered, better than shell boilers, and from 
recent developments, for men-of-war, the water tube boiler, in 
connection with the ordinary shel! boiler, has succeeded very well. 
There is a likelihood in the future of a more extended use of 
water tube boilers, which for the same power, cost less than the 
shell. They are more easily kept tight and are just as easily re- 
paired. ■ They require clean, fresh water, whereas the shell boiler 
can more readily use salt or muddy water, as it is easily accessible 
for cleaning. The coil type of boiler cannot he cleaned internally 
with any degree of certainty. 

Question No. ^. — Discuss the methods of propulsion in common 
use, giving important features to be secured in an efficient propeller, 
and explaining why the form of propeller now in use is most desir- 
able; or what other form, if am), you think would be preferable. 

All vessels ate propelled by a stream projected in the opposite 
direction to the motion of the vessel. This stream may be pro- 
jected by a jet from a pump, turbine or other means, by paddle 
wheels, or by a screw. 

The principal methods now used, are paddles for river service, 
where light draft is required, and the screw for sea. 

The great weight of machinery required and space occupied 
precludes the use of paddles, except for special service. 

The screw should be designed to get maximum depth of blade 
below the surface, and the diameter is limited by excessive speed. 
The pitch should be suited to the speed of engine required. The 
area should be a fraction of the section immersed, modified by the 
lines of the ship. The screw's surface should be finished and pol- 
ished to reduce friction to a iniTiii Tiiim . The speed of screw should 
be such that the work of friction of the blades is a minimi nin. 
The true screw is the beet form of blade, from results of actual 
practice, and great care should be taken that the pitch of each 
blade is accurate and equal to that of each of the others. 

The screw should be accurately balanced. 

Question No. 6. — Discuss the question of the methods ordinarily 
employed in securing great power in marine machinery on light 
weight; showing what is necessary, how far it is safe to go, and what 
precautions in inspection must be oiserved in order to secure perfec- 
tion in material and workmanship. 
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I.H.P.= 
Area of cyl. X speed of p iaton per min. X mean effectiTe preasTire. 
33,000. 

From the above equation, we can readily Bee that the power in 
I, H, P. varies directly as the area, speed of piston and pressure 
represented by A, S and P, respectively. 

The area varies aa the square of diameter, so we use the diame- 
ter itself. 

I. H. P. -v D» X S X P- 

In order to increase the power, it will be necessary to increase 
D, S or P. D is limited by the space occupied, so we make S and 
P as great as possible. P is limited by the strength of the boil- 
ers and by the temperature due to P, on account of the destruc- 
tion of packing, etc. S is limited hy its action of the screw in 
the water. By using the highest possible speed and highest pres- 
sure we get increased horse-power on less weight of machinery. 

This power of machinery is not to be increased to the danger 
limit of the material used in construction, great care being exer- 
cised in considering the flexibility of the material used. 

The following precautions in inspection of material and perfec- 
tion of workmanship must be observed: 

The greatest care must be observed in inspection of material to 
see that it is of the required standard and free from flaws or im- 
perfections, and in no case should material he passed of which 
there ia the slighteat doubt. 

The workmanship must be of the best, great care being taken in 
fltting and lining up. Where high preasures are used the piping 
must be specially worked out to see that there are ample draina 
and no pockets. 

The working parts must be carefully adjusted, all journals, 
piston and valve rods and crank pina being carefully ground true. 
Metallic packing should he used where possible. 

All cylinders and valve chests and connecting pipes should be 
tested hy pressure. Clearances should be measured accurately 
by oil or water (oil preferred) and the clearance of cylinders 
should be accurately adjusted. The valve movement should be 
tried by jacking the engines. Stop valves should he easily acces- 
sible. When possible, connections should be made to open and 
close the atop, valves from deck outside of the boiler compart- 
ments. The piping should he so arranged that it ia readily accea- 
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Bible aud bo that it can be easily removed for repairs. Steam 
joints Bboald be made of metal flangeB, and should be brazed for 
steam pipe. Safety valves on boilers, receivers and cylinders 
should be set to required pressure. A separator should be placed 
in steam pipe between boilers and engine, as near as pOBsible to 
engines, and should he properly trapped. 
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APPEiroiX A. 



The Logical Abbangbmbnt of the Motite Powee op 

Wabbhips. 

bt bbab-asuibal oboitab v. mbltilli, 

Eng:lne«r-1ii-CbtGf, 0. S. Navy ; Hoboraiy Member. 

[Read at the Fortieth Session of the Inetitution of Naval Architects, 
March 23, 1899; the Eight Hon. the Earl o* Hopetoim, Q.C.M.G., 
President, in the Chair.] 

[Note. — Thie paper is bo complete and, in view of the increase 
in the nse- of triple screws abroad, bo full of interest, that it is 
here reproduced aa a whole. Thanks are due to the- author for 
permiBsioQ to republish. — Ed.] 

In the preparation of a set of tables showing the power required 
to drive a vessel of a given displacement at a given speed, data 
have been used which were gathered from the results of about 
two hundred trials of nearly as many ships. From this set of 
tables, there was developed the remarkable fact tjiat the propul- 
sive efficiency of veBsels with three screws ia, in almost every 
ease, above that of ships of approximately the same size, speed and 
general lines, hut fitted with only two sets of engines. Attention 
has heretofore been drawn to the remarkable performance of the 
U. S. cruisers Columbia and Minneapolis on their trials. Be- 
cently, as the nximber of high-speed ships has increased so greatly, 
it has been very interesting to those who were responsible for the 
plana of the machinery of these cruisers, to note how well they 
have maintained their position in the front rank of all naval ves- 
sels. These five-year-old ships, ten years old in design, are still 
among the most economical vessels in the world's navies as far as 
propulsive efficiency goes. 

There are many reasons for the superiority of the Columbia 
and Minneapolis over other vessels of the U, S, Navy, built at 
about the same time. The stream lines of these ships are re- 
markably easy, and the resistance is low, these factors giving — it 
is claimed by many — a total resistance below that calculated from 
results of trials of less carefully designed vessels. This is no 
doubt true to a certain extent, but comparison between these 
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American ships and those of oiiier nationality, hnt of approxi- 
mately the same lines and speed, shows still the superior efficiency 
of these vessels. The main cause of this increased efficiency lies 
in the use of three engines and propellers for the motive power. 
Not only has the propulsive efficiency heen benefited, but there 
are so many engineering and tactical advantages arising from the 
use of triple screws, that it may be readily seen why so many ships 
are now designed for this system of propulsion. 

The advantages due to the use of three propeUing engines, in- 
stead of two, have been pointed out before, but it may be of in- 
terest to recall some of the reasons leading to the adoption of this 
system for the Columbia and Minneapolis. It was not possible, 
at the time of the design of these vessels, to obtain, in the TJuited 
States, sufficiently large forgings for anch great power as it was 
desired to install, if the twin-screw system were adhered to. Other 
chief factors were the greater safety of the machinery and of the 
ship due to the use of three screws, as well as the then conjec- 
tured, but now proven, increased economy due to the use of triple 
screws. 

To-day we have a somewhat different case presented in the de- 
sign of high-powered cruisers or battleships. The conditions have 
changed. We are confronted no longer by the probable inability 
of the steel manufacturers to furnish ,f orgings and castings of any 
size we may desire, for any power yet designed to be installed in 
a man-of-war. On the contrary, we have examples of engines of 
about the power we desire to use for our fastest vessels already 
constructed in the United States, and giving complete satisfac- 
tion, not only to the designers, but also to the builders and to 
the owners. The science of metallurgy has made such progress 
in the last decade that we are now able to specify, regularly, steel 
of 96,000 pounds tensile strength, 31 per cent elongation in 2 
inches, and to stand cold bending to an inner diameter of 1 inch 
without showing cracks or flaws. Improved methods of forging, 
our more thorough knowledge of fluxes, the exclusive use of 
nickel steel for high-grade engine construction, the judicious em- 
ployment of annealing and tempering — all these, combined, en- 
able ua to secure stronger materials, and now we obtain a vast 
increase of power without a much greater weight than that re- 
quired ten years ago for the lower powers then prevailing. The 
reduction in weights is most apparent in the moving parts. This 
is an important point, as it has meant that the growth in power 
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haB not been accompanied by an increase in yibration, a matter 
that is likely to limit speeds of rotation in the future. We are no 
longer forced to divide the power among three shafts because of 
the impossibility of obtaining one sufBciently large to transmit 
half the power. We can now secure in the home market all of 
the materials needed for the machinery of the highest power yet 
planned. 

There are many other considerations, however, both tactical 
and engineering, which make it still advisable, at least for the 
highest powers, to qae the triple-screw method of propubion for 
our men-of-war. 

The most evident advantage from the use of three screws is the 
consequent subdivision of the power. This is of particular mo- 
ment on war vessels, where the possibility of disaster in battle is 
to be considered, as well as that of accident in time of peace. Not 
only does the increased nmnber of engines decrease the probable 
amotmt of power that may be disabled at any time, but also the 
chance of fatal injury to the ship, through its motive machinery, 
is lessened greatly. The danger from a shell is decreased. It 
would require three shots penetrating the steel deck to completely 
disable a triple-screw ship, as against bat two in the case of a 
vessel fitted with twin engines. This, however, is assmning a 
possibility which may not be a fact, that a shell will not have any 
disastrous effect outside of the compartment in which it explodes. 
It is probable that the vertical bulkhead between the engine rooms 
cannot be so entirely depended upon as to restrict the efFects of 
an explosion. It is quite possible that a single very lucky shot 
might disable completely a twin-screw war vessel. If so, then it 
would surely take at least two such shots to inflict corresponding 
injury on any ship with triple screws. In case of the wrecking of 
any single engine the amount of power lost with twin screws would 
be one-half, as against the much less reduction of one-third in 
triple-screw ships. 

It may he urged — and with justice — that the engines of our 
men-of-war are already well guarded from shell fire. If it can be 
shown, however, that the protection can he increased without 
consequent loss in other directions, it will surely be well worth 
while to adopt the system affording greater security. In the old 
days of sailing ships many a battle was won, sometimes against 
superior force, by the disablement of the sail power of one of the 
combatants. After the motive force of any fighting ship was 
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gooe, she was at the mercy of her foe. In car time, when battle- 
ehipB have a fair all-Totiiid fire, the likelihood of this is somewhat 
redaced; but it is still apparent that any ship which is inert on 
the sea is far the inferior of her dirigable enexay. Any system 
which increases the chance of securing and keeping the " weather- 
gange " in battle, mnst be good. 

Should one of the propelling engines be disabled, there is not 
nearly aa much interference with what is called the handiness, the 
steering qualities, of the ship, if there are three screws, as if there 
be but two. With twin screws, and one only in use, it is neces- 
sary, in order to keep the vessel on her course, to use a helm 
angle of from 6-1/2 to 10 degrees. This is the amount when the 
screw of the idle engine is left to revolve freely. We have at- 
tempted to get over this difficulty by using diverging shafts, and 
thus reducing the turning efFect of the engines; but this is ob- 
jected to by the deck ofBcers, who wish for vesaels which can 
readily "turn on their heels." Of course, the less the fraction 
of the power that is disabled, the less the ill effect on handiness. 

For war vessels it is desirable to make the water-tight compart- 
ments as small as poBsible. The reduction in the smaller sizes of 
engines in three-screwed ships leads to this end; and, as will be 
pointed out later, this is effected with no increase in the total 
engine room space. 

One of the greatest advantages from the use of triple screws is 
that smaller propellers are required for the same total power. 
This particular in itself presents sufficient advantages to justify 
the use of three engines on warships — advantages which are so 
practical, engineering and tactical, that it is surprising that this 
point has not been more thoroughly developed. 

A very large part of the loss of power at the propeller is due to 
the frictional resistance of the water to the passage of the pro- 
peller blade. This resistance increases with any increase of the 
peripheral speed of the blades, and low speed will be advantageous 
in this regard. It is assumed, of course, that due account is taken 
of the ratio between the pitch and diameter of the screw. If this 
ratio be not unreasonably increased, however — and with the large 
hubs used in current designs, this ratio may be profitably rather 
high — it will be a great gain from an economical standpoint to 
reduce the peripheral speed. With very high speeds and powers 
this speed is now very near the critical point beyond which the 
friction is excessive, and the effects of cavitation begin to be felt. 
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The decreaBe of preeBore upon tlie forward sides of the Bcrev 
blades, at high Velocity, is not a negligible quantity. The matter 
of proper propeller design is too complicated to be more than 
glanced at here, but it must be evident that to reduce the 
peripheral speed ivould be advantageous in the cases of the screws 
of large diameter necessary in the application of very high powers. 

Kow, the use of three screws allows a reduction in diameter of 
screw of over 20 per cent, and while, as will be pointed out, this 
is accompanied by an increase in the number of revolutioDS, the 
speed of periphery may readily be reduced below what is required 
in twin-screw practice. 

At the stem of the ship, amidships, in the following wake al- 
ways present to some extent with the most carefully designed 
hulls, the effects of a large screw are not bo signally bad. I think 
that " cavitation," or the tendency thereto, is reduced greatly in 
this following wake, and, on that account, I believe that a consid- 
erably greater efficiency la obtained from the screw at the stem 
post than from those on the quarters. Whatever the cause, this 
increase in efficiency is so well shown by the resnlts of trials that 
it can no longer be questioned. 

I mean, of course, the trials of large ships, not tank experi- 
ments. The latter serve very well for determining the actual 
resiBtance of a hull; but not for fixing the economy of propulsion, 
or the ratio between the towing and indicated powers. It is in the 
increase of efficiency, and not in any decrease in resistance, that 
the economical advantage of triple screws must he found. 

No test of a propeller can he held to have so much valae as a 
test upon ships. Model experiments of propellers are not satis- 
factory. It requires experiments with the full-sized screw, work- 
ing at the designed pitch and at its designed speed, under its full 
load of work, to give us conclusive results. Trials under these 
conditions show, as I have said at first, a considerable advantage 
due to the use of triple screws. 

Investigation along this Hne has not yet proceeded far enough 
to enable me to give more than tentative figures as to the pro- 
pulsive efficiency due to the different methods of arranging the 
BcrewB. It is, however, certain that there are gains from both the 
use of small screws, and of a screw working in the following wake, 
and that these gains wonld naturally grow with an increase in 
speed. Speaking only of full power trials, it will probably be 
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found that, up to some low speed not yet determined, it will be 
best, from tbe economical Btandpoint only, to use a single Bcrew; 
beyond this point it will be found that tbe nse of twin screws 
would tend to a reduction in the power required for a given hull 
and Tiiinriniiiin speed, and that, at any time where twin screws are 
good triple screws are better. I estimate the average economy 
over single-screw ships from the use of twin screws, as about 8 per 
cent for ressels of maximum speeds from 13 to 20 knots, and I 
consider that triple screws are more economical than twin screws 
by from 5 per cent for 15-knot ships to IS per cent for those of 
2i knots speed. These figures are approximate; but they are from 
trial data of many ships fitted with the different methods of screw 
propulsion. 

I have discussed this point at considerable length, principally 
to develop the following conclusions: 

(1) The use of triple screws leads to a considerable economy at 
the highest speeds. 

(3) Decrease in size of screws is pecnliarly economical as re- 
gards the wing screws, and 

(3) To evenly distribute the ill effects of high peripheral speed, 
and to take advantage of the following wake, the center screw 
should be made larger than the wing or side screws. (See Figs. 
1 and 2, Plate V. a.) 

But there are many other advantages due to the smaller screws, 
particularly the smaller wing screws, and especially for men-of- 
war. 

In ramming an enemy, if all goes well, there would be Uttle dif- 
ference between the twin and triple systems, but a glancing blow 
from either forward or aft would certainly take oS the enemy's 
side screw if, as in twin practice, it projected beyond the counter; 
and, later on, as the ships rubbed past each other, one's own side 
screw would be broken, under the same condition of projection. 
But, with a small screw, snch as can be had in tbe triple system, 
neither propeller would be damaged, and the stem screw would 
be safe in any event. This point is of value, too, in ordinary 
cruising, where a fioating log or a pile in a river would disable a 
propeller of a twin-screw ship, while the obstruction would have 
been poshed clear of the smaller propeller of a triple screw by 
the ship's hull. Gkiing alongside dock also — that bugaboo to 
commanders of high-powered, fine-lined, speedy, twin-screw ves- 
sels — would be made much easier. 
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The shorter shafting required for getting the smaller propellers 
clear of the ship would ^ow these screws to be placed further 
forward, where they would be better protected by the hull. This 
shorter shafting would also decrease the strains on the propeller 
shafting in bad weather, and would often obviate the necessity of 
an extra supporting strut, giving, as well, a decreased danger of 
fracture, and the possibility of decreasing the weight. 

The fact that, with smaller screws the tips of blades are lower 
in the water than with the twin-screw system, gives advantages. 
The design of the upper and fuller stream-lines could be consid- 
erably freer. If it is considered advisable (and I have no doubt 
the hull designers will show that this gain is not of great moment 
where a central screw is fitted) this advantage could be passed 
over in favor of giving the wing shafting a slight inclination up- 
ward, 80 as to obtain a horizontal throst when the stem of the 
vessel settles in the water at full speed. Ordinarily, however, the 
squatting of the ship would be insignificant. The fact must not 
be overlooked that, the lower propellers are placed, the freer the 
access of water, and the more perfect the action of the screw. 

With tips of blades well buried, the danger of racing is de- 
creased, each extra foot of immersion reducing it. Any one who 
has stood by the throttle, checking the engine with the heave of 
the ship, appreciates fully this advantage. The central screw, of 
course, would never race except in a sea where the ship was pitch- 
ing heavily; while the side screws, being well forward and deep in 
the water, would probably never give trouble in the worst of seas. 

When the use of three screws was first proposed, the idea pre- 
vailed in the minds of most engineers that the " race " of the 
water from the side screws would materially affect the action of 
the central screw. The error of this supposition was fully shown 
lij the trials of the Columbia and Minneapolis. In the Columbia 
the pitch of all screws was made the same. The trials of this 
ship having shown the revolutions of the central screw to be less 
than those of the wing screws, the pitch of the central screw on 
the Minneapolis was made 6 inches less than that of the side 
screws. On the trials of the latter vessel the speed of rotation of 
the central screw was almost precisely a mean between the speeds 
of the two side screws, which differed slightly in pitch. This re- 
sult was obtained without any "jockeying" of the throttle or 
change in the cut off. 
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Attention has been called to the f easibilitj in the triple system 
of securing a greater ntimber of revolutions owing to the reduction 
in diameter of the propeller giving decreased friction of the blades. 
This matter of increased speed of rotation affects directly the 
efficiency of the machinery, especially in irarsliips, where the 
stroke of the engine is limited by the height below the protective 
deck. The piston speed mtist be high to get the required power 
from modem machinery without too cumbrous low-pressure cylin- 
ders. Any increase in piston speed, or in the number of revolu- 
tions, decreases the condensation in the cylinders, as the item of 
time is one of considerable importance as far as this condensation 
1b concerned. And, further, as a consequence of greater piston 
speed, we obtain lighter engines and shafting. For small powers, 
it is generally possible to obtain great piston speed in our low 
naval engines, by a great number of revolutions; but there has 
been pointed out the difBculty of obtaining efficient propeUera at 
high rotative speeds, for transmitting great powers. We know, 
of course, that it is possible to get an ef&cient propeller for the 
very highest powers yet used; but these propellers must be of 
great diameter in large ships, and in the United States we look 
into the matter of draft very closely. Our vessels are built for 
entering comparatively shallow harbors, and it is not easy to se- 
cure a screw that will be efficient, and that will fit on a 82-knot, 
13,000-ton ship of no more than 24 feet draft. There must be a 
certain minimum immersion of the screw blades, and this must 
be greater for twin-screw than for single-screw vessels, because of 
the roUing of the ship. It is necessary also to have a considerable 
difference in level between the keel and the lowest part of the 
screws in a twin-screw vessel. It will surely be difficult, and, I 
beHeve, impossible, without the use of high glacis plates, to ob- 
tain satisfactory machinery for twin-screw, ships xmder the condi- 
tions named, 33 knots, 13,000 tons, and 34 feet draft. 

In the design of marine machinery, it is important that the 
ratio between the stroke and the diameter of cylinders be kept 
sufficiently high. This ratio is necessarily low in aU naval ves- 
sels, as compared with the merchant service, on account of the 
necessity of keeping the machinery below the protective deck. 
Of course, the larger the power and size of tte low-pressure cylin- 
der, the longer the stroke should be, and therefore the greater 
the height of engine room required for a properly designed en- 
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gine. The greater the draft, the greater the possible height of 
engine room, and, for the aame number of revolations, the greater 
the piston speed. It is unquestionable that, where more than. 
Bay, 10,000 horae-power is to be transmitted through a single 
shaft, tinder present conditions of speed and displacement, the 
number of revolutions will be limite'd by the propeller. We in the 
United States Navy, having ships of very light draft, as compared 
with other fleets, are most hampered in this regard. 

It has been shown that the use of triple screws would tend to a 
decrease in the volume of the cylinders required for giving the 
powers. This is quite apart from the fact that the power is di- 
vided into three parts instead of two, and is due to the greater 
piston speed possible with the smaller screws. It will be seen, 
then, that considerably more latitude is allowable in the design of 
machinery for ships with triple screws than would be possible if 
twin screws were used. If three engines are installed, it is cer- 
tain that a less height is required under the protective deck than 
would he necessary for a twin-screw ship. 

It is to be noted, then, that the economy of a triple-screw ship 
is developed not only in more efficient propulsion, but also in the 
more efficient use of the steam in the engines due to the decreased 
condensation following the increased number of revolutions and 
the greater piston speed. The economy of propulsion is thus in- 
creased as a result of both increased propulsion efficiency, and of 
increased efficiency of the engines. A decreased total weight of 
the machinery is also a natural result of the use of triple screws. 

It is, of course, a fact that the use of three engines multiplies 
the number of engine parts. The resulting disadvantage is, how- 
ever, much more apparent than real. The Columbia and Minne- 
apolis are examples of the practicability of installing large power 
in three three-cylinder engines, and this was accomplished with a 
stroke of hut 43 inches. There is no doubt that it would have 
been necessary to use four-cylinder engines, at least, if twin screws 
had been used. The absolutely necessary increase in the number 
of cylinders is thus shown to be but one-eighth. Of course, it is 
understood that the use of three-cylinder engines is now generally 
approved. It is merely pointed out as feasible, and as intended 
k) show that the arguments against triple screws, based on the 
multiplicity of engine parts, could readily be made of practically 
no weight, if other conditions did not render advisable an increase 
in the number of cylinders. 
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Water-tube boUeiB have now come to stay, at least as far as the 
TTnited States Navy is concerned. These bring with them steam 
of high pressure, and cause the use of quadruple-expansion en- 
ginee for economy's sake. At 200 pounds pressure the qnadruple- 
eipansion engine gives sufficient gain to justify its employment. 
Owing to the low powers of peace-cruising with men-of-war, it is 
questionable whether it is desirable, with these ships, to design 
engines for the greatest economy at the highest powers. TJn- 
questionably an arrangement of cylinders which gives the greatest 
economy at the highest powers produce a markedly uneconomical 
engine for the lower powers ordinarily used in peace. 

The wide variations in present designs show how different de- 
signers view this problem. It is extremely complicated, and I am 
free to confess that much more data than are now available are 
needed for a full solution. We mnst know the cost of running 
the auxiliary machinery, and not only the average power of the 
main engines, but their range of power must also be carefully 
considered. It has been thought advisable, however, in the de- 
sign we are proposing for our latest fast ships, to use quadruple- 
expansion engines throughout, using thirteen cylinders, in all, in 
the three main engines. This is a considerable change from the 
practice of twenty-five years ago, when two cylinders were most 
frequent. But the fact that this large niunber of cylinders has 
been adopted shows that our experience, at least, ia that the argu- 
ment of the multiplicity of parts of the engines has comparatively 
little weight. The decrease in the size of parts, with the conse- 
quent increase in accessibility, in accuracy of adjustment, and in 
case of repairs, is a natural sequence of the growth in the number 
of parts, and seems snflicient to overcome the disadvantages. It 
will be pointed out, further, that the increase in the number of 
workiiig parts due to the nse of triple screws is only apparent, 
as, ordinarily, there would he not more than eight cylinders em- 
ployed on our triple-Bcrew ships against ten cylinders that would 
necessarily be used in the proposed five-cylinder quadruple-ex- 
pansion engiues for our twin-screw ships. 

A much more serious objection to the use of triple screws than 
the multiplicity of engine parts is found in the greater intricacy 
of the piping plans, and in the increased number of valves re- 
quired. This objection is serious. Our twin-screw warships are 
complicated enough at best. ■ This disadvantage has been reduced 
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somewhat, however, by several simple methods. The use of elec- 
trically operated auxiliaries has done much in this respect, espe- 
cially as regards piping outside of the machinery space. Our 
piping plans are very carefully studied, and are so designed and 
arranged as to reduce the number of valves to a minimum, and to 
render plain to the engineer the leads of all pipes. All valves are 
marked mainly to show the connections. Many of tbem indicate, 
as well, the amount of opening of the valve. As a result of this 
care in the laying out and iostallation of piping and valves, mis- 
takes in the operation of the valves are made almost impossible, 
and undue intricacy of the piping plans is avoided. This absence 
of complexity is especially marked when comparison is made 
with some of our earlier twin-screw ships. 

The growth in number of auxiliary engines, owing to the em- 
ployment of three main engines, is another disadvantage of the 
triple-screw system that is much more apparent than real. Ordi- 
narily there is no increase in the number of auxiliaries in use, only 
an Incre^e in the nnmber available for use; and, as a rule, these 
nneconomical auxiliaries are worked much more nearly at their 
rated capacity, and are thus considerably less wasteful of steam. 
Our experience has been that the auriliary machinery gives most 
of the trouble on board ship, and our vessels have been more fre- 
quently disabled on account of the failure of these small en- 
gines than from any other cause due to the machinery. A larger 
reserve power in this, the weak part of the machinery, is too great 
an advantage not to be well worth its cost. 

The increase in engine-room force required with the three en- 
gines is not excessive, being twelve men at the most. This can- 
not be considered a disadvantage for warships. The added staff 
consists entirely of skilled mechanics, and these men are espe- 
cially useful in making repairs while under weigh. Our recent 
war experience tends to show the imperative necessity of some 
such mobile reserve for the maintenance of a vessel, constantly 
under weigh, in a condition, at all times, of thorough efficiency. 
With this increase, there is always some one at hand to take the 
place of any man overcome by heat or sickness, and crippling of 
the crew, as well as of the machinery, is guarded against. I re- 
peat that the increase in the engine-room force necessitated by the 
adoption of three propelling engines cannot be counted a disad- 
vantage in men-of-war, under war conditions. 
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The formation of the etem post and mdder is made somewhat 
complicated by the use of the central propeller, but not more so 
than in anj eingle-screw merchantmen, and I apprehend that this 
dieadvantage will not be given great weight to by any designer. 

To obtain a proper conception of the advantages of tiiple-screw 
propnlsion, it is necessaiy to consider also the latitnde afforded by 
this system in the methods of running the ship under cmiaing 
conditions, since either one, two, or three screws may be used. 
There have been many trials of triple-screw ships under each of 
these methods of propulsion, and it may be interesting to give a 
few of the results, which have not hitherto been publirfied, so far 
as I am aware. Taking a vessel of, say, 13,000 tons, 23,000 H. P., 
and 33 knots speed, when all engines are used at fuU power, it is 
found that: 

(1) The power required to drag one screw, uncoupled from the 
engine and left to revolve freely, is IfiO H. P. at 10 knots; 600 
H. P. at 15 knots. 

(2) If coupled to the engine, at 10 knots speed the power ab- 
sorbed in dragging is slightly in excess of 300 H. P. 

(3) If two screws are dragged, the loss from drag is practically 
double what it would be with one idle screw for the same speed 
of the ship. 

(4) The loss in power due to condensation in an engine (not the 
result of expansion of steam in the cylinders, but attributable di- 
rectly to the heating of the cylinder waUs) is almost exactly one 
pound of steam for each horse-power of the maximum power for 
each engine. This figure is approximately correct for all speeds, 
increasing slightly for the lowest speeds. It applies to jacketed 



(5) With three equal screws, the center propeller has not suffi- 
cient area to give economical results when used alone at speeds 
above eight knots. With three equal screws, the use of the two 
wing propellers alone can be depended upon to give a considerable 
gain in economy for all speeds from 8 to 17 knots inclusive. These 
results have been gathered from fully authenticated trials, not 
only of our own ships, but also of triple-screw ships in other 
navies. 

All screws were practically equal in disc area in the trials from 
which these results are obtained. 

With these points known, the problem of the design of triple- 
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Bcrew BbipB is greatly simplified. The disadvantage of the drag 
of 8 BcreiT is measured, and the advantage of the fittjng hitherto 
adopted, which provided for the diacoimeGting of any idle screw 
from its engine, is clearly developed. The necessity of giving 
sufficient disc area of propeller is, as was to he expected, promi- 
nently shown by the failure to secure economy with one engine 
in use, except at the very lowest speeds. 

The value of economical engines ie so universally recognized 
to-day that it seems almost unnecessary to mention it; but this 
value is, in a warship, far greater than the mere saving in the coal 
bill, though that is an important item. The matter of economy 
in the use of coal may make all the difference between victory and 
defeat. Coal endurance limits the radius of action of the ship, 
and determines definitely the scope of her operations. Of course, 
we can — as we did recently, in two cases — assist a monitor across 
the Pacific Ocean in ease of need, but that tardy reinforcement 
might have been too late. Economy at the engiaes increases the 
speed of these reinforcing ships where that economy can be gained 
without a reduction of bunker space; it iacreases the potential 
value of each pound of coal, and 10 per cent may often make 
the difference between success and failure. If this economy were 
measured alone, and not from the military point of view, it might 
be proper to consider the question whether three engines have a 
greater first cost than two of the same total power, but economy 
means more than that. It means victory, and it is for this that 
men-of-war are built. 

If three screws are to be fitted to a warship, and the design is 
to conform to the conditions of economical propulsion obtaining 
on these vessels, as shown by our present knowledge of the effects 
of three screws upon propulsive and engiae efBciency, there ap- 
pear to be but two practical arrangements. The central engine 
should be considerably more powerful than either of the wing 
engines, or it should be considerably less powerftil. This follows 
from the fact that a propeller design which will give in one screw 
sufBcient area for the ordinary cruising speeds up to IS knots, is 
nearly impossible if the same screw is designed to be worked as 
one-third of the propelling system for the highest speed of the 
ship. The proportions of the screw must be changed to suit tbe 
latter conditions. It is evidently not wise, also, to use as much as 
two-thirds of the full engine power for cruising at one-tenth 
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power. The use of three equal engines is, therefore, out of the 
question, as far as comparative economy goes. If a small center 
engine be used, it wonld be practically an aimliary. A very large 
screw neceBBarily being fitted to secure a fair propeller efficiency 
at low speeds, when the small engine alone would be used, it wonld 
be of practically no value at the highest speeds. I consider, 
therefore, that it would be far better practice to use a large center 
and two small wing engines, in which design, nnder no conditions 
would there be a uselesB engine. Of course, either of these plans, 
involving the use of two different sizes of engines on the same 
ship, is disadvantageous; but this disadvantage is not so great as 
a casual view of the conditions would seem to indicate. Engines 
do not break down in service. Careful designs for the mazimnm 
power ensure good working of the idachinery. Accidents to the 
engines are eztremely rare, and are due, almost invariably, to some 
defect in a seemingly unimportant detail. The engine itself, so 
far as its large parts are concerned, does not break down, and a 
supply of the lighter spare parts provides for all emergencies, such 
as are ordinarily met. On the other hand, it is well to note the 
many advantages due to the use of different engines. There is, 
in partictdar, much to be said in favor of the plan of installing 
small wing engines in a triple-screw ship. It is a fact that com- 
manders of onr ships hesitate, as naturally they should, to enter 
or leave a port with only one screw in use. They desire to retain 
the practical advantages of handiness accompanying the ase of 
twin screws. It is, further, a fact that ships which ordinarily 
emise at speeds of from 14 to 16 knots, we have found to make 
better speeds in time of war than ships of the same class but of 
lower cruising speed. These conditions, combined with the 
proved efBciency of the use of the wing engines at speeds up to 
17 or IS knots, have been with us the determining factors in caus- 
ing the adoption of designs involving the oae of the smaller wing 
engines. It has been found advisable to fit economical machin- 
ery for cruising at speeds as high as 16 knots. While engines 
which wiU be most economical at this speed will not be the most 
desirable in this respect for a speed of 10 knots, they will retain 
considerable advantage over any other system in the reserve which 
will be ready for instant use. 

The problem of the design of the propellers to give a proper 
efficiency for low speeds, and to be good also at the highest speed, 
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offers in this Bystem no difficnlti^. The reduction in the size 
of the wing engines, below what would be necessary if three eqnal 
engines were used, effects a saving of abont 300 H. P., or its equiv- 
alent, in steam, due to the decreased condensation on acconnt of 
the smaller engines. This figure applies exactly to onr recently 
designed S3-knot armored cruisers. The ship is economical at all 
the ordinary cruising speeds from 10 to 17 knots. The tactical 
advantages of working with twin screws are retained at all speeds, 
high or low. It has been pointed out that the decrease in size 
of screw is especially advantageous for the wing screws, and that 
it is advantageous, on account of the superior propulsive effi- 
ciency of the screw working in the following wake, to have a large 
power on the center engine. These conditions are especially well 
fulfilled by the use of the sm^er wing engines. 

To reduce the engine-room space it is advisable to place engines 
abreast in the ship. It is also a great advantage to arrange the 
engines ia this way, as it makes possible the placing of a part of 
the boiler power abaft the engine, which gives easy solution to all 
problems connected with the change in trim due to the use of 
light water-tube boilers, and also reduces vibration by placing the 
engines in the strongest part of the ship. In fact, the center and 
most powerful engine is exactly at the point of greatest resistance 
of the hull to vibration. By using smaller wing engines it is also 
easier to arrange the engines abreast than it would be to install 
twin-Bcrew engines of the same total power. This follows from 
the lozenge shape of the space available for the engine rooms be- 
neath the sloping protective deck, and above the rising bottom of 
the ship. Again, but one screw is dragged with the two engines 
in use. This screw is a large one, it is true, but the drag is prob- 
ably not so great as it would he with two smaller screws of the 
same total power. 

It is also regarded as an advantage for this system that there is 
always one-half the full power available in case of accident. The 
center engine is seldom used, and our experience goes to show that 
it is always in a condition of very good efficiency. The customary 
employment of the smaller wing engines ensures ease of making 
the regular repairs. It is but fair that I should state, that, with 
its very large screw, designed for transmitting about half the total 
power at full speed, the use of the center engine alone may prove 
slightly more economical than that of the wing screws for a speed 
of about 10 knots, this superior efficiency following from the work- 
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ing of the screw in the following wake. I do not expect, how- 
ever, that the center engine will often be alone employed, as the 
manoenTTing qualities and general handineBB of the Bhip are bo 
mnch improved by the UBe of two acrewB at all times. It should, 
however, be pointed out that the handinese will he retained at 
fall power, and will not be affected badly by the reduction in the 
size of the wing engines. 

In a word, the arrangement of triple-sorew engines, with ap- 
proximately one-half the total power placed upon the center en- 
gine, and approximately one-qnarter on each of the wing engines, 
seems to fit a warship and its conditions remarkably well. 

Bamming and torpedoing would lose much of their danger with 
the small engines outboard. There is a certain prejudice among 
naval officers against any system that shows so plainly as do triple 
screws, the enormous amount of power installed in the ship and 
so seldom employed. These officers would possibly prefer to im- 
agine all the power in use, even when knowing, as they all cer- 
tainly do know, that frequently not 10 per cent of the total power 
is actually being developed. ' The loss from drag of an idle screw 
is plainly seen, but they forget the loss in the engine cylinders 
from condenBation, which is often much greater. Not to employ 
ordinarily the reserve power plant, increases the value of this re- 
serve as well aa the economy. It may appear unwise to install a 
plant that is so seldom used, yet when the power is wanted it will 
be wanted badly, and at such times every pound of coal in the 
bunkers may be worth a ton at ordinary times. 

The use of two screws with two engines upon each shaft has 
not been considered as an alternative to the use of triple screws. " 
This arrangement, with its four engines, has nearly all of the dis- 
advantageB attendant upon the use of three screws, with very few 
of their advantages. Further, it presents the grave tactical disad- 
vantage which was developed so fnlly in the cases of the Brooklyn 
and New York at Santiago. These vessels were fitted with four 
engines working twin screws, the forward engines being ordinarily 
uncoupled. This system was designed to insure economical run- 
ning at low speeds; but it was impossible to couple up the for- 
ward engines without stopping the ship. During the battle of 
Santiago, stopping the ship for the fifteen minutes necessary to 
couple up the engines would have been fatal. On the contrary, 
in the case of the Minneapolis the center screw was coupled up 
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while the two wing Bcrews were driving the veBsel at a speed of 
17 knots. This was done when the ships of Admiral Schley were 
sighted off Santiago, and before the identity of his fleet was es- 
tablished. It is a great advantage that fall power can always he 
apphed on a triple-screw ship without stopping. Such conditions 
would surely have been very valuable to the New York at Santiago. 

It may naturally be inquired why the superior eflGciency due to 
the use of triple screws has not led to their general adoption in 
the merchant marine. Triple screws undoubtedly would have 
been iised in that service if the conditions obtaining were the 
same as those existing in the navy. Merchant vessels, however, 
instead of running at a variable speed, are always worked at their 
full power, and there would be, consequently, no advantage to 
their owners in fitting machinery capable of working economically 
at low speeds. The stroke of engines in these vessels is ako not 
limited by a protective deck, and it is always possible with them 
to obtain the great piston speed necessary for economy by increas- 
ing the height of the engine. We see, ^erefore, that two of the 
main reasons for the use of triple screws in men-of-war do not 
obtain in the merchant service. Added to this must be the fact, 
that the cost of building and installing three engines, when not 
all of the same size, is considerably greater than that of two en- 
gines of the same total power; and also, that the cost of mainte- 
nance due to the larger force required would he considerably in- 
creased. From these considerations it would appear that triple 
screws may not be desirable for the merchant service, under pres- 
ent conditions of size and speed. I think, however, that any 
Transatlantic line which would definitely adopt the triple system, 
would be patronized by a considerable number of persons, because 
of the greater security afforded by its use. 

The statements I have made as to the desirability of using three 
screws on war vessels, and the fact that they are being used to so 
great an extent in the continental navies, wiU naturally lead the 
thoughtful student to wonder why they have not been adopted, to 
some extent at least, in British vessels. This feeling will be the 
stronger from the fact that British engineers are justly considered 
to be thoroughly progrcBsive, and abreast of the times with re- 
spect to every feature that would tend to an increase in the effi- 
ciency of vessels. 

It has occurred to me that, whatever other reasons may have 
caused this non-use, until now, of triple screws on British vessels, 
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one feature of the case at least may serve as a partial explanation. 
I am led to this belief all the more from the fact that it agrees 
with the experience of all designers with respect to aome forms 
of marine machinery, which, while apparently very peculiar, are 
the best adapted to the particular cases where they have to be 
used, viz., the exceedingly light draft steamers required for cer- 
tain river service. 

Yacht designers are very familiar with the fact that vessela de- 
signed for general cruising on the English coast are very different 
from those for general use on the coast of the United States, due 
to the fact that in England there is everywhere an ample depth of 
water, while in the United States the reverse is the case. 

In JDst the same way, we in the United States are restricted in 
the draft of our war vessels to about 24 feet, while the large 
British ships can, and do, in some cases, draw about 37 feet. As 
a consequence of this radical difference in the circumstances nnder 
which large powers have to be applied, the problem of the number 
of propellers is presented to the designers on the two sides under 
a different aspect, and I am inclined to believe that this has had 
a great deal to do with the fact that British designers have not 
paid much attention to three screws thus far. Had they been 
compelled to face the problem of putting large powers in light- 
draft bulls, I think they would have been driven to a consideration 
of the advantages of three screws, and probably would have taken 
hold of the matter with their characteristic energy. 

lict me add, in conclusion, that I have given this subject of 
triple screws very careful study, and I believe that for war vessels 
their use is thoroughly logical. 

Further than that, I believe that, although contrary to the gen- 
erally accepted idea of duplication of parts, as far as possible, the 
plan which I have suggested for dividing the power between one 
large central engine, to develop about half the power, and two 
smaller wing engines, each about one-quarter power, will give the 
best results, and is likely to be the system that will finally obtain 
general adoption. 

THE CASE OF TRIPLE SCREWS. 
Their Advantages. 
Smaller eu^ne parts. 
Greater ease of overliaulliig. 
Orenter accuracy of adjustment. 
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Lack of Tibration. 
Subdivision of power. 
Increased (probable) available power. 
Increased ease of protection. 
Increased liandineBB when partly disabled. 
Smaller water-tight compartments. 
Smaller propellers. 
Uore efficient propellers. 
Less peripheral speed of propellers. 
Less screw friction. 
Increased revolutions of engineB. 

Decreased loss from cavitation— the word being used in its broad- 
est sense. 
Increased efficiency of the screw working in follovring wake. 
Decreased danger to propellers in ramming. 
Decreased danger to ship that ia rammed or torpedoed. 
Shorter propeller shafting. 
Decreased racing of screws. 
Freer design of stream lines. 
Freer access of water to screws. 
Increased piston speed and economy. 
Decreased total size of cylinders. 
Decreased weight of machinery. 
Decreased condensation in engines at all — especially at low — pow- 

Adaptability to light draft. 

High ratio between strolce and diameter of cylinders. 

Less glacis plating required. 

£!ase of propeller design. 

Latitude of engine design. 

Great gain in economy at low powers. 

TIteir DitaAvantageB. 
Greater number of parts. 
Greater number of valves and pipes. 
Greater number of auxiliaries. 
Increased engine-room force. 
Loss of power due to drag of idle screw. 

With center engine alone used, the loss of tactical advantages due 
to twin screws. 

THE CASE OF THE PHOPOSED SYSTEM OP TRIPLE SCREWS 
WITH SMALL WING ENGINES. 
AOvatiiages. 
IT FITS THE SHIP. 
Elase of installation and design. 
Great gain in economy at all speeds. 
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The tactical advantageB of twin ecrewB economically retained. 

Engine-room space is reduced. 

The powerfiil center engine has a most economical acrew -rrorkinK 
in following wake. 

The Tibratlon Ib minimized. 

The lOBH from dra^ of screw is minimized, one screw only bein^ 
dragged. 

Small size of working parts. 

Two independent plants, each capable of economical propulsion 
np to fifteen knots speed. 

Small size of working parts, with Tnn.TfmiiT« ease of repairs. 

Ditadvantaget. 
Two sizes of engines in same ship. 
Increased cost of building. 
Increased number of spare parts necessarily carried. 

The diBadvantageB are few, and, from a broad standpoint of mil- 
itary excelleDce, they are nnimportant. The advantages are 
many, including better deaign and installation, greater ease o£ 
maintenance, and greater efSciency at all speeds. I consider this 
the logical arrangement of motive machiiiery on high-powered 
Tarships. 



APPENDIX B. 

Ijbt op Text-Books op Steam Enoikebbino in which Elabora- 
tions OP THE BePLIEB CONTAINBD IN THIS BOOK 
CAN irOST BBADILT BE POUND. 

The following named books will be found of value to any one 
who desirea to go more thoroughly into the details of the points 
covered in this paper : 

A Manual of Marine Engineering, A. E. Seaton; Seaton and 
Bonndthwaite's Pocket Book of Marine Engineering; Elements of 
Machine Design, TTnwin; The Steam Engine, fiankine; The Ma- 
rine Steam Engine, Sennett and Oram; Boilers, Marine and Land, 
Thomas W. Trail; Manoal of Naval Architecture, W. H. White; 
Marine PropeUers, S. W. Bamaby; Resistance and Propulsion of 
Ships, W. F. Durand; Besistance of Ships and Screw Propulsion, 
D. W. Taylor. 
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